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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
WILLIAMS  AND  MC  KENZIE  COUNTIES  STUDY 
NORTH  DAKOTA 


INTRODUCTION 

Recent  energy  shortages  have  forced  our  society  to  seek  new  domestic  energy 
sources.   Attention  has  focused  on  the  immense  quantities  of  low  sulfur  coal 
that  lie  within  the  Rocky  Mountain  and  Northern  Great  Plains  regions.   It  is  the 
responsibility  of  the  Department  of  the  Interior,  principally  the  Bureau  of  Land 
Management,  to  assist  in  meeting  these  energy  demands  and,  at  the  same  time, 
provide  sound  reclamation  guidelines  so  that  the  disturbed  lands  are  restored  to 
an  acceptable  condition. 

PURPOSE 

The  purpose  of  this  report  is  to  provide  baseline  information  for  establishing 
reclamation  objectives  and  lease  requirements.   Data  is  given  on  geology  and 
overburden.   Background  information  is  also  provided  on  area  physiography. 

REPORT  OBJECTIVES 

1.  To  provide  information  for  leasing  site  selection  procedures  as  set  forth  by 
the  Secretary  of  the  Interior. 

2.  To  provide  information  needed  to  implement  effective  reclamation  and  rehabi- 
litation programs  and  for  the  development  of  meaningful  lease  stipulations 
as  required  by  the  rained  land  reclamation  program. 

3.  To  provide  information  to  support  State  and  local  regional  development  and 
land  use  planning  efforts. 

4.  To  determine  the  suitability  of  the  overburden  to  support  and  maintain 
vegetation. 

5.  To  provide  physical  and  chemical  data  on  the  overburden  so  that  realistic 
stipulations  may  be  prepared  for  exploration,  raining,  and  reclamation  plans. 

7.   To  provide  data  needed  in  the  preparation  of  Environmental  Impact  Statements, 
Environmental  Analysis  Records,  and  to  aid  in  the  review  of  mining  and 
reclamation  plans  for  proposed  land  disturbing  activities  in  the  vicinity  of 
the  study  area. 

AUTHORITY 

Federal  Land  Policy  and  Management  Act  of  1976  and  Surface  Mining  Control  and 
Reclamation  Act  of  1977. 


RE S PONS I  SI LITY 
BUREAU  OF  LAND  MANAGEMENT 

1.  Selects  study  area  for  overburden  investigations. 

2.  Acts  as  Contracting  Officer  in  the  coordination,  establishment,  and  execu- 
tion of  work  orders. 

3.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 

BUREAU  OF  RECLAMATION 

1.  Conducts  drilling  operations  for  the  procurement  of  core  samples  for  suita- 
bility analysis. 

2.  Characterizes  and  interprets  suitability  of  overburden  materials  stratigraph- 
ically  above  and  below  the  coal  horizons. 

3.  Summarizes  the  geology  of  the  area. 

GENERAL  DESCRIPTION 

LOCATION 

The  Williams  and  McKenzie  Counties  Study  is  located  in  northwestern  North  Dakota. 
Plate  1  shows  the  general  location  of  the  study  area.   Four  smaller  areas  were 
selected  within  the  two  county  area  for  overburden  studies.   These  include  the 
Hanks,  Sand  Creek,  Williston,  and  Tobacco  Garden  Study  Areas.   The  four  study 
areas  include  a  total  of  1,037  fulL  or  partial  sections  as  shown  on  Plate  2  and 
as  listed  on  Table  1.   Federal  and  State  coal  ownership  is  interspersed  in  the 
study  areas,  as  shown  on  Plates  3  through  6.   The  majority  of  surface  ownership 
in  these  areas  is  private.   Only  a  limited  amount  is  controlled  by  the  Federal 
government  as  shown  on  Plates  7  through  10. 

The  original  study  area  (Beaver  Creek)  was  intended  to  be  a  comprehensive  study 
of  a  portion  of  the  present  "Williston  Study  Area".  The  investigations  program 
was  to  include  drilling  and  testing  samples  from  25  core  holes.  At  the  commen- 
cement of  the  program,  however,  the  emphasis  of  the  study  was  changed  to  an 
overview  of  several  study  areas.  These  studies  eventually  included  the  comple- 
tion of  27  core  holes. 
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The  Williams  and  McKenzie  Counties  Study  is  situated  in  the  glaciated  Missouri 
Plateau  section  of  the  Great  Plains  Physiographic  Province.  The  topography  of 
the  area  is  predominantly  flat  to  gently  rolling  uplands  which  are  locally 
dissected  near  drainages.  Closer  to  Lake  Sakakawea,  dissection  increases  to  a 
point  where  rugged  badland  topography  is  prevalent.  Portions  of  the  area,  es- 
pecially in  the  northwest,  are  characterized  by  knob  and  kettle  topography. 

Much  of  the  area,  especially  north  of  the  Missouri  River,  is  mantled  with  depo- 
sits from  continental  ice  sheets.   The  uplands  are  covered  with  till  and 
boulders  and  the  major  valleys  are  often  filled  with  glaciof luvial  outwash. 
Sedimentary  strata  of  the  Fort  Union  Formation  are  exposed  along  deeply-incised 
drainage  valleys  and,  especially  south  of  the  Missouri  River,  at  higher  eleva- 
tions in  the  uplands.   Resistant  scoria  (baked  coal  and  shale)  outcrops  occur 
throughout  this  study  area.   These  outcrops  appear  as  thin,  remnant  "caps"  over 
the  sloping  uplands. 

The  relief  in  the  study  area  is  approximately  640  feet,  ranging  from  1840  feet 
along  Lake  Sakakawea  to  2480  feet  in  the  uplands  approximately  12  miles 
southeast  and  also  24  miles  northwest  of  Williston,  North  Dakota. 

The  preglacial  course  of  the  Yellowstone  River  was  along  the  present-day  Little 
Muddy  River  valley  and  the  course  of  the  Little  Missouri  was  along  the  Beaver 
Creek  and  Tobacco  Garden  River  valleys.   At  present,  small,  shallow  underfit 
streams  flow  in  these  broad  valleys.   Normally,  such  streams  are  perennial; 
however,  during  periods  of  drought  they  become  intermittent.   The  Little  Muddy, 
White  Earth,  and  Tobacco  Garden  Rivers  and  Beaver  and  Stony  Creeks  are  the  most 
prominent  drainages  within  the  study  area  which  all  drain  directly  into  Lake 
Sakakawea  (Missouri  River).   The  Missouri,  which  is  the  principal  stream,  flows 
eastward  and  drains  this  part  of  the  glaciated  Missouri  Plateau.   The  dendritic 
drainage  is  generally  well  integrated,  with  few  closed  depressions;  however, 
numerous  freshwater  and  saline  lakes  and  marshes  are  present  in  the  poorly- 
drained  knob  and  kettle  topography  to  the  northwest. 


GEOLOGY 

Regional  Geology 

The  Williams  and  McKenzie  Counties  Study  is  located  in  the  Williston  Basin  in 
northwestern  North  Dakota.   This  basin,  a  part  of  the  Great  Plains  Physiographic 
Province,  is  a  synclinal  structure  extending  from  South  Dakota  into  Canada,  a 
distance  of  about  500  miles. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods  of 
deposition,  deformation,  and  erosion.   A  sequence  of  carbonates,  sandstones,  and 
shales,  mostly  of  marine  origin,  were  deposited  throughout  North  Dakota  during 
the  Paleozoic  and  Mesozoic  Eras.   These  sediments,  about  14,000  feet  thick  in 
the  deepest  part  of  the  Williston  Basin,  thin  rapidly  eastward  and  are  not  pre- 
sent in  the  southeastern  part  of  the  State.   Several  unconformities  exist 
throughout  the  Paleozoic  and  Mesozoic  sequences  in  North  Dakota,  the  most 
notable  being  the  pre-Mesozoic  erosional  surface  which  truncates  all  Paleozoic 
sediments. 

Deformation  of  the  Rocky  Mountains  to  the  west  and  associated  uplifting  of  the 
Great  Plains  area  in  North  Dakota  began  with  the  Laramide  Revolution  at  the 
close  of  Cretaceous  time.   Intermittent  uplifting  continued  through  the 
Paleocene  and  ended  in  Eocene  time.   Materials  eroded  from  the  mountains  were 
spread  in  thick  sheets  over  most  of  the  Great  Plains  by  the  middle  of  the 
Cenozoic  Period.   A  second  regional  uplift  which  occurred  during  Pliocene  and 
Pleistocene  times  elevated  sediments  to  their  present  position.   Streams  reju- 
venated by  the  uplift  began  stripping  Tertiary  strata  from  the  Great  Plains  and 
exhuming  the  buried  mountain  masses  to  the  west. 

During  the  Pleistocene  Epoch,  several  continental  ice  sheets  invaded  most  of 
North  Dakota.   A  sequence  of  till,  outwash,  and  associated  glacial  debris  was 
deposited  during  the  advance  and  retreat  of  each  ice  sheet. 

Today  shales,  siltstones,  sandstones,  and  lignite  of  Cretaceous  and  Tertiary  age 
cover  the  western  part  of  North  Dakota.   Pleistocene  glacial  and  Holocene 
eolian  and  alluvial  deposits  mantle  the  bedrock  in  much  of  the  area.   Plate  11 
is  a  generalized  regional  geologic  map  showing  the  southern  limits  of  gla- 
ciation. 

Area  Geology 

Investigations 

Surface  and  subsurface  investigations  were  conducted  by  the  Bureau  of 
Reclamation  at  the  Williams  and  McKenzie  Counties  Study  during  the  summer  and 
late  winter  of  1981-82  and  the  late  fall  of  1982.   These  investigations  included 
preparing  a  map  of  the  surface  geology  and  drilling  a  series  of  core  holes. 

Previous  geologic  investigations  covering  the  area  were  very  useful  in  preparing 
this  report.   Three  of  the  references  that  were  instrumental  in  preparing  the 
surface  geologic  maps  of  the  area  are:   (1)  North  Dakota  Geological  Survey 
Bulletin  48  -  Part  I,  Plate  1,  "Geology  and  Groundwater  Resources  of  Williams 
County,  North  Dakota,"  by  T.F.  Freers,  1970;  (2)  U.S.  Geological  Survey  Misc. 
Geologic  Investigations  Map  1-331,  "Preliminary  Glacial  Map  of  North  Dakota,"  by 
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R.B.  Colton,  et  al .  ,  1963;  and  (3)  North  Dakota  Geological  Survey,  "Geologic  Map 
of  North  Dakota,"  by  L.  Clayton,  1980.   The  surface  geologic  maps  (Plates  12 
through  16)  were  further  modified  by  data  from  the  USBR  drill  holes  located  in 
the  study  area. 

Twenty-seven  drill  holes  ranging  in  depth  from  159  to  363  feet  were  completed  in 
the  study  area.   The  location  of  the  drill  holes  are  plotted  on  the  Geologic  and 
Investigations  Maps,  Plates  13  through  16.   Detailed  geologic  logs  are  shown  on 
Plates  17  through  43  in  the  Appendix.   Drilling  was  performed  by  a  Dainco  1250 
and  Failing  Models  750  and  1500  rotary  drills  using  wireline  tools  with  an  "H" 
series  core  barrel.   Except  for  drive  sampling  in  overlying  glacial  deposits 
with  a  Bx  casing  drive  barrel,  all  drilling  was  done  using  bottom  discharge  core 
bits  with  tungsten  carbide  inserts. 

Water  was  used  as  a  drill  fluid  in  all  holes.   The  organic  polymer,  "Revert," 
was  used  in  the  drilling  fluid  in  fractured  or  jointed  rock  where  circulation 
was  lost.   Drill  water  was  sterilized  as  required  by  the  North  Dakota  Water 
Commission.   After  completion,  all  drill  holes  in  the  study  area  were  backfilled 
with  a  sand-cement  slurry. 

Continuous  cores  were  obtained  from  all  holes  for  geologic  logging.   The  core 
was  immediately  placed  in  boxes  and  wrapped  with  plastic  to  prevent  drying  until 
it  could  be  logged  and  sampled.   Five  sets  of  samples  were  taken  from  represen- 
tative core  material  from  the  study  area  as  follows: 

1.  Typical  overburden  (6-inch  core  lengths)  and  coal  samples  (approximately 
5-pound  bags)  from  each  drill  hole  were  shipped  to  the  U.S.  Geological  Survey 
Coal  Resources  Laboratory  in  Denver,  Colorado.   The  samples  are  for  their  infor- 
mation and  test  results  are  not  included  in  this  report. 

2.  Typical  overburden  (approximately  1-foot  core  lengths)  samples  from  repre- 
sentative drill  holes  were  shipped  to  Greg  Smith  (University  of  Kentucky)  c/o 
U.S.  Geological  Survey  Regional  Geochemistry  Branch  in  Denver,  Colorado. 

These  samples  provide  data  for  inclusion  in  a  Core  Book  of  Western  Tertiary 
Sediments,  showing  material  types,  structure,  and  fracture  conditions  of  the 
rock.   Test  results  are  not  included  in  this  report. 

3.  Typical  overburden  samples  from  four  drill  holes  were  shipped  to  the  U.S. 
Geological  Survey  Regional  Geochemistry  Branch  in  Denver,  Colorado,  for  trace 
element  analysis.   The  results  of  these  tests  serve  as  a  comparison  to  similar 
tests  conducted  by  the  U.S.  Bureau  of  Reclamation  and  are  not  included  in  this 
report. 

4.  The  clay  mineralogy  of  typical  overburden  samples  (approximately  200)  were 
determined  by  means  of  X-ray  diffraction  at  the  Department  of  Geological 
Sciences  at  Case  Western  Reserve  University  in  Cleveland,  Ohio.   Results  of 
these  tests  are  included  in  the  Appendix  of  this  report. 

5.  Typical  overburden  samples  (approximately  8-pound  bags)  from  20  of  the  27 
drill  holes  were  tested  for  suitability  in  reconstructed  profiles  by  Bureau  of 
Reclamation  Soils  Laboratories  in  Bismarck,  North  Dakota;  Boise,  Idaho;  and 
Denver,  Colorado.   Test  results  are  graphically  shown  on  the  geologic  logs 
(Plates  17  through  43)  and  listed  on  Tables  2  through  21  in  the  Appendix. 


Stratigraphy 

The  oldest  rocks  exposed  in  the  study  area  are  of  Paieocene  age.   In  North 
Dakota  the  U.S.  Geological  Survey  has  divided  the  Paieocene  Series  into  the 
Ludlow-Cannonball,  Tongue  River,  and  Sentinel  Butte  Members  of  the  Fort  Union 
Formation.   These  subdivisions  will  be  used  in  this  section  of  the  report.   The 
Fort  Union  Formation  is  overlain  by  the  Eocene  Golden  Valley  Formation;  however, 
it  has  been  removed  by  erosion  from  the  study  area. 

Fort  Union  sandstones,  siltstones,  shales,  and  lignite  are  overlain  by 
Pleistocene  and  Holocene  deposits  (Plates  13  through  16). 

Fort  Union  Formation  -  Paieocene 

Cannonball-Ludlow  Member  -  These  sediments  underlie  but  do  not  crop  out  in  the 
study  area.   The  Cannonball  is  the  youngest  known  marine  strata  in  the  Northern 
Great  Plains  region.   It  consists  of  shale  and  thin-bedded  sandstone  which  thins 
and  interfingers  westward  with  the  continental ly-deposited  Ludlow. 

Tongue  River_Membe_r  -  The  Tongue  River  Member  consists  of  an  alternating 
sequence  of  fluvial  deposited  sandstone,  siltstone,  and  shale  with  associated 
beds  of  lignite.   It  is  similar  to  the  overlying  Sentinel  Butte  Member  and,  in 
places,  cannot  be  distinguished  from  it.   It  crops  out  in  the  study  area  along 
Beaver  Creek  and  Tobacco  Garden  River  and  along  the  northern  and  southern  shore- 
lines of  Lake  Sakakawea  to  the  east. 

Sentinel  But_te_Me_mbei:  -  The  Sentinel  Butte  Member  consists  of  an  alternating 
sequence  of  sandstone,  siltstone,  shale,  carbonaceous  shale,  and  lignite  with 
thin  calcareous  or  siliceous  cemented  concretions.   In  general,  the  sandstones 
are  fine  grained  and  uncemented.   Shales  vary  from  soft,  plastic  clayshale  to 
moderately  indurated  claystone.   Shale  and  siltstone  zones  readily  break  down 
and  form  slopes  beneath  sandstone  ledges.   Correlation  of  clastic  sediments  over 
short  distances  is  difficult  due  to  facies  changes,  channeling,  and  variation  in 
bedding  thickness.   Laboratory  analyses  conducted  on  core  samples  from  the 
nearby  Rattlesnake  Butte  Study  Area  indicate  that  chemical  and  physical  proper- 
ties of  the  bedrock  generally  cannot  be  projected  between  drill  holes. 
Weathered  exposures  are  usually  pale  olive  or  yellowish-gray  in  color;  while 
fresh  core  samples  vary  from  light  to  dark  gray.   Marcasite  and/or  pyrite 
nodules  are  found  along  zones  of  higher  permeability,  such  as  fractures  and 
bedding  planes.   The  Sentinel  Butte  Member  was  deposited  in  a  continental 
environment  which  included  swamps  conducive  to  the  production  of  thick  lignite 
beds.   This  member  is  up  to  650  feet  thick. 

The  contact  between  the  Tongue  River  and  Sentinel  Butte  Members  of  the  Fort 
Union  Formation  has  been  placed  at  the  top  of  the  Pittsley  coalbed  (HT  Butte 
bed).   U.S.  Bureau  of  Reclamation  drill  holes  in  the  study  area  have  penetrated 
the  upper  50  feet  of  the  Tongue  River  and  the  lower  500  feet  of  the  Sentinel 
Butte  Members. 

Striking  features  in  the  Sentinel  Butte  and  Tongue  River  Members  are  the 
resistant  clinker  zones,  locally  called  "scoria"  that  cap  knobs  or  armor  valley 
walls.   The  clinker,  which  is  fused  or  baked  rock,  was  produced  by  the  burning 
of  lignite  beds  along  and  back  from  their  outcrops.   In  places  where  the  heat 
was  sufficiently  intense,  the  clinker  has  been  fused  to  a  dark  gray,  lightweight 


LU 

z 

UJ 

8 

o 

I 


1st 


ti-A 


m 


UJ 

z 

UJ 

o 
o 

I- 
c/> 

Ul 

_1 

0. 


L 


-^D;-; 


M 


Ul 

z 

Ul 

o 
o 

UJ 

-I 
< 

Q. 


Tfu 


<? 


r. 


EXPLANATION 


Surface  Water  -  includes  larger  sloughs,  lakes,  and  rivers. 


Alluvium  -  includes  present  day  stream,   river  alluvium,  and  alluvial  terrace  deposits  of  unconsolidated 
sand,  silt,  and  clay.   Up  to  30  feet  thick.   Postglacial. 

Loess  -  includes  windblown  sand  dunes  and  blowouts.   Up  to  10  feet  thick.   Postglacial. 

Outwash  -  includes  glacial  outwash  plains,  proglacial  outwash  plains,  and  terraces  of  unconsolidated  sand 
and  gravel.   Up  to  100  feet  thick. 

Karnes  -  includes  kames ,  kame  terraces,  disintegration  ridges,  and  ice-contact  deposits  of  sand  and  gravel. 
Up  to  50  feet  thick.   Glacial. 

Lacustrine  -  includes  lake  plain  and  collapsed  lake  plain  silts  and  clays.   Up  to  30  feet  thick.   Glacial. 


'.(.pit.     End  Moraine  -  linear  ridges  of  till  (gravel,  sand,  silt,  clay,  boulders).   Up  to  50  feet  thick.   Glacial. 


Dead-Ice  Moraine  -  includes  hills,  knobs,  sloughs,  kettles,  etc.  with  no  overall  trend  composed  of  till. 
Local  nonintegrated  drainage.   Up  to  150  feet  thick.   Glacial. 


Till  -  includes  ground  and  sheet  moraines  composed  of  till  (boulders,  gravel,  sand,  silt,  and  clay) 
to  100  feet  thick.   Glacial. 


|I\A/||     Wiota  Gravel  Terrace  -  unconsolidated  sand  and  gravel  on  benches  along  preglacial  Yellowstone  River. 

to  18  feet  thick.   Preglacial. 


Up 


Up 


Tertiary   Fort   Union   Formation   -   tan   sandstone,    siltstone,    shale,    and   lignite. 
Drift-mantled   Channel   or   Kettle   Chain   -    linear   depression   underlain  by   till. 


Plate  12 


^    J       Meltwater  Channel  -  steep-sided  trench  that  carried  glaciax  meltwatcr;  underlain  by  sand,  gravel, 
<^V^x>  and/or  till.   Arrow  shows  direction  of  most  recent  flow  of  meltwater.   Not 


^» 


DH82-I24, 


all  meltwater  channels  shown. 


Geologic  Contact. 

USBR  Drill  Hole  Location. 


NOTE:  This  map  was  prepared  from  the  following  sources  (See  Bibliography):   (1)  Freers,  1970;  (2)  Colton, 
et  al,  1963;  and  (3)  Clayton,  1980.   The  map  was  further  modified  by  data  from  U.S.B.R.  drill  holes. 
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rock  similar  in  appearance  to  vesicular  basalt.   Near  the  outer  edge  of  thermal 
metamorphism,  the  rock  is  disoriented,  baked,  and  red  to  orange  in  color. 
Alteration  of  the  overlying  material  is  roughly  proportional  to  the  original 
thickness  of  lignite  that  has  burned.   A.  lignite  bed  20  feet  thick  will  produce 
clinker  zones  40  to  60  feet  thick.   The  clinker  is  highly  permeable  and  locally 
supplies  water  for  springs  and  wells. 

Golden  Valley  Formation  -  Eocene 

The  Fort  Union  Formation  is  overlain  by  the  Golden  Valley  Formation  of  Eocene 
age.   These  sediments  have  been  eroded  from  the  study  area  and  crop  out  to  the 
south  of  the  study  area  along  isolated  high  upland  areas. 

Upper  Member  -  The  Upper  Member  of  the  Golden  Valley  Formation  consists  of 
yellow-brown,  fluvial,  micaceous  sandstone,  sand,  silt,  and  clay  up  to  200  feet 
thick. 

Lower  Member  -  The  Lower  Member  consists  of  white  or  yellow  clay,  silt,  and  sand 
with  a  weathered  zone  developed  on  the  underlying  unit.   The  lower  member  is  up 
to  65  feet  thick. 

Terrace  Gravel  -  Pleistocene  (Preglacial) 

Wiota  Gravel  -  The  Wiota  Gravel  in  the  study  area  as  reported  by  Freers,  1970, 
is  a  preglacial  brown  quartzitic  gravel  and  associated  sediment  deposit  which 
occurs  at  two,  possibly  three,  levels  on  benches  along  the  valley  wall  of  the 
prediversion  course  of  the  Yellowstone  River.   The  Wiota  attains  a  thickness  of 
from  6  to  18  feet. 

Glacial  Deposits  -  Pleistocene 

Till  -  The  glacial  till  deposits  consist  of  a  heterogeneous  mixture  of  clay, 
silt,  sand,  gravel,  cobbles,  and  boulders  deposited  by  one  or  more  continental 
glaciers.   Till  is  widely  distributed  throughout  the  study  area  and  is  absent 
only  where  post-glacial  erosion  has  removed  it  as  in  the  areas  adjacent  to  the 
shorelines  of  Lake  Sakakawea.   Where  it  occurs,  it  is  present  as  a  thin  veneer 
or  as  remnant  patches  on  the  bedrock  surface  (most  notably  south  of  the  Missouri 
River,  where  the  extreme  limits  of  giaciation  are  approached)  to  over  100  feet 
thick  where  till  was  deposited  in  preglacial  bedrock  valleys. 

Outwas_h  -  The  outwash  deposits  consist  mostly  of  sand  and  gravel  that  fill 
buried  channels  and  underlie  Holocene  alluvium  along  the  Little  Muddy  River  and 
Beaver  and  Tobacco  Garden  Creeks  in  depths  up  to  100  feet  thick. 

La£^u_str_ine  -  The  lacustrine  deposits  consist  of  glacial  and  proglacial  lake 
silts  and  clays.   They  occur  predominantly  to  the  northeast  and  are  up  to  30 
feet  thick. 

Terrace  -  Terrace  deposits  exist  as  erosional  remnants  of  sand  and  gravel  that 
were  deposited  by  glacial  meltwater.   These  deposits  occur  along  the  valley 
walls  of  Stony  Creek  and  are  up  to  30  feet  thick. 


Post-gla c_i_a  1_  deposi ts_  -  Holocene 

Windblown  (loess^_  -  Windblown  siLt  and  sand  are  locally  present  in  the  study 
area  and  overlie  every  type  of  deposit.   In  most  areas  they  are  thin  and  dis- 
continuous and  were  not  mapped.   An  exception  to  this  occurs  along  the  northern 
shoreline  of  Lake  Sakakawea  near  Beaver  Creek  where  the  deposits  are  up  to  10 
feet  thick. 

Alluvium  -  Alluvial  deposits  consist  of  unconsolidated  clay,  silt,  sand,  and 
gravel  that  cover  the  modern  valley  floors  and  undrained  depressions  in  the 
study  area.   Alluvial  deposits  along  the  Missouri  River  range^  from  a  few  feet  to 
over  150  feet  thick,  while  alluvium  in  lesser  tributaries  attain  thicknesses  of 
25  to  30  feet.   Sloughs  caa  contain  up  to  20  feet  of  alluvium. 

Structure 

The  study  area  is  located  on  the  northwestern  flank  of  the  Williston  basin. 
Regional  dips  in  the  area  are  generally  less  than  0.25°  to  the  southeast.   The 
major  structural  feature  within  the  study  area  is  the  Nesson  anticline  which 
trends  north-south  through  the  eastern  portion  of  the  Williston  Study  Area.   The 
total  structural  effect  is  a  somewhat  asymmetrical  trough-like  depression  that 
dips  southward.   The  axis  of  this  trough  extends  through  the  west-central  por- 
tion of  Williams  County.   Consequently,  strata  within  the  Hanks,  Sand  Creek,  and 
western  Williston  Study  Areas  generally  dip  to  the  southeast  (approximately 
0.25°)  whereas  strata  within  the  Tobacco  Garden  and  central  and  eastern  portions 
of  the  Williston  Study  Areas,  which  overlie  the  axis  and  western  flank  of  the 
Nesson  anticline,  generally  dip  from  0.2  to  0.5°  to  the  west.   Spencer  (1978) 
has  also  identified  other  structural  features  within  the  area  such  as  a 
depression  centered  on  Stony  Creek  in  T.  155  N. ,  R.  100  W.,  and  a  structural 
high  located  in  T.  154  and  155  N. ,  R.  99  W. 

Small  local  faults  are  common  in  the  weak,  plastic,  carbonaceous  shales  imme- 
diately above  or  below  lignite  beds  contained  within  the  Fort  Union  Formation. 
Displacements  along  these  fractures  probably  do  not  exceed  5  feet. 

Paleontology 

Geologic  investigations  did  not  reveal  any  significant  or  unusual  paleon- 
tological  sites  in  the  study  area.   Fossils  in  the  Sentinel  Butte  Member  are 
generally  obscured  by  the  mantle  of  glacial  and  alluvial  soils.   Fossils  found 
in  drill  core  samples  included  calcareous  shell  fragments  (pelecypod?) .   The 
plant  fossils  found  consisted  of  carbonaceous  impressions  of  leaves  and  twigs. 
None  of  these  were  collected  for  identification. 

Mineral  Resources 

The  most  important  economic  resource  within  the  area  enclosed  by  the  Williams 
and  McKenzie  Counties  Study  at  the  present  time  is  petroleum.   Oil  and  gas  pro- 
duction along  the  Nesson  anticline  has  progressed  since  1951,  displaying  a  dra- 
matic rise  in  drilling  activity  in  the  past  few  years.   New  discoveries  within 
the  study  area  which  have  occurred  during  the  past  few  years  include  such  fields 
as  the  Bar  Butte,  Grinnell,  Missouri  Ridge,  Indian  Hill,  Springbrook,  Hoffland, 
Charlson,  Catwalk,  Sioux,  and  Hanks.   Continued  success  on  the  Nesson  anticline 


has  resulted  in  production  In  deeper  zones  in  excess  of  14,500  feet.   Several 
new  discoveries  were  also  made  to  the  northeast,  east,  and  south  of  the  area 
enclosed  by  the  Williams  and  McKenzie  Counties  Study,  especially  along  the 
Mondak  trend  and  the  "Billings  Nose."   Oil  and  gas  production  comes  from 
Mississippian,  Devonian,  Silurian,  and  Ordovician  rocks. 

Lignite  is  also  an  important  economic  resource  found  in  the  study  area.   Lignite 
and  its  weathered  equivalent,  leonardite,  have  been  mined  in. the  study  area  on  a 
small  scale  for  a  number  of  years.   There  are  several  lignite  beds  in  the  area 
thick  enough  to  economically  mine  along  with  numerous  very  thin  beds  and 
stringers.   The  lateral  continuity  of  many  of  the  lignite  beds  in  the  area  is 
only  fair  to  good  which  makes  correlation  of  beds  difficult.   Further  infor- 
mation concerning  lignite  is  presented  below. 

Other  minerals  of  minor  economic  significance  which  have  been  produced  within 
the  study  area  include  halite  (hydraulically  mined  from  the  Mississippian  "A" 
salt  at  depths  of  approximately  8,000  feet),  bentonite  (from  bentonitic  shales 
of  the  Fort  Union  Formation),  sand  and  gravel  (glacial  origin),  and  scoria  (road 
surfacing)  from  baked  sediments. 

Lignite  Beds 

Approximately  25  lignite  beds  greater  than  0.4  foot  thick  were  penetrated  by 
U.S.  Bureau  of  Reclamation  drilling  within  the  Williams  and  McKenzie  Counties 
Study.   No  one  drill  hole  penetrated  all  lignite  beds.   Of  these,  12  fairly  con- 
sistently thick  beds  are  present,  some  of  which  are  more  laterally  continuous 
than  others.   The  remaining  lignite  beds  are  of  varying  thickness  and  have 
little  continuity.   Additionally,  several  zones  were  penetrated  containing  thin, 
wispy  lignitic  laminations  (often  crossbedded)  which  may  correlate  with  thin 
lignite  beds.   The  12  major  lignite  beds,  from  oldest  to  youngest,  that  were 
penetrated  by  drilling  are:   (1)  R-bed;  (2)  Y-bed;  (3)  B-bed;  (4)  G-bed;  (5) 
Pittsley;  (6)  Tyrone;  (7)  Blacktail;  (8)  Avoca;  (9)  Williston;  (10)  Judson 
(H-bed);  (11)  I-  or  J-bed  (?);  and  (12)  Mormon.   Plate  44  shows  general  stra- 
tigraphic  sections  of  the  major  lignite  beds  encountered  in  all  four  study 
areas. 

Due  to  the  wide  spacing  of  drill  hole  information  (only  27  drill  holes  in  an 
area  exceeding  1000  sections),  coal  resource  data  and  structure/overburden  con- 
tours were  not  determined  in  this  study.   The  U.S.  Geological  Survey  Open-File 
Report  78-168  (Spencer,  1978)  provides  coal  resource  data  for  the  Williston 
Study  Area.   Additionally,  the  Bureau  of  Land  Management  presently  has  the 
Hanks,  Sand  Creek,  and  Tobacco  Garden  Areas  under  study.   The  remainder  of  the 
section  of  this  report  will  discuss  the  general  trends  of  the  lignite  deposits 
found  within  the  Williams  and  McKenzie  Counties  Study  as  based  on  the  data  from 
the  27  drill  holes. 

R-j_  Y-j_  B_-_j_  G-beds  -  The  R-,  Y-,  B-,  and  G-beds  are  the  only  significant  lignite 
beds  encountered  by  U.S.  Bureau  of  Reclamation  drilling  in  the  Tobacco  Garden 
Study  Area.   The  designations  R,  Y,  B,  and  G  represent  the  Red,  Yellow,  Blue, 
and  Green  lignite  beds  of  local  industry  terminology.   Further  geologic  investi- 
gations, beyond  the  scope  of  this  report,  may  reveal  a  correlation  of  a  number 
of  these  beds  to  other  lignite  beds  found  within  the  Williston  Study  Area. 

Within  the  Tobacco  Garden  Study  Area,  the  R-bed  attains  a  total  thickness  of  3 
feet  of  lignite  contained  in  three  benches  (approximately  6  feet  of  combined 


interburden) .   The  Y-bed  ranges  from  6.5  to  10  feet  thick  (average  thickness  of 
8.5  feet)  and  is  found  in  two  benches  (average  interburden  of  1.7  feet).   The  B- 
bed  ranges  from  8.5  to  11.5  feet  thick  (average  9.5  feet)  and  is  found  in  from 
one  to  three  benches  (average  interburden  of  1  foot).   The  G-bed  ranges  from  5.0 
to  10.5  feet  thick  (average  7.5  feet)  and  is  found  in  two  to  three  benches 
(average  interburden  of  8  feet).   In  general,  average  interburden  thicknesses 
between  the  R-  and  Y- ,  Y-  and  B- ,  and  B-  and  G-beds  are,  respectively,  30,  34, 
and  100  feet. 

Pittsley  Bed  -  The  Pittsley  lignite  bed  was  encountered  in  only  one  drill  hole 
(Williston  Study  Area)  which  displayed  a  thickness  of  14.5  feet.  The  Pittsley 
bed  apparently  correlates  with  the  HT  Butte  bed  (Spencer,  1978)  and  may  corre- 
late with  any  of  the  R-,  Y-,  B-,  or  G-beds. 

Tyrone  Bed  -  The  Tyrbne  lignite  bed  was  encountered  in  the  Sand  Creek  and  Hanks 
Study  Areas.   The  Tyrone  bed  attains  a  thickness  of  approximately  3  feet  in  the 
Sand  Creek  area  and  increases  in  thickness  to  the  north  (Hanks  area)  to  an 
average  of  4.0  feet  (from  3.0  to  5.0  feet).   The  Tyrone  locally  contains  two 
benches  with  up  to  2  feet  of  interburden.   The  Tyrone  bed  pinches  out  to  the 
east. 

Blacktail_  Bed_  -  The  Blacktail  bed  lies  approximately  70  feet  above  the  Tyrone 
bed  and  similarly  was  only  encountered  in  the  Sand  Creek  and  Hanks  areas.   In 
both  areas  the  Blacktail  contain  from  one  to  three  benches  with  a  combined 
average  interburden  thickness  of  3  feet  (0  to  8.5  feet).   In  the  Sand  Creek  area 
the  Blacktail  ranges  from  3.5  to  6.5  feet  thick  (average  5.0  feet)  and  increases 
in  thickness  in  the  Hanks  area  to  an  average  of  9.6  feet  (1.5  to  20.0  feet). 
The  Blacktail  lignite  bed  pinches  out  to  the  east. 

Avoca  Bed  -  The  Avoca  bed  lies  approximately  60  feet  above  the  Blacktail  bed. 
To  the  east  (Williston  Study  Area),  based  upon  limited  data,  it  lies  approx- 
imately 235  feet  above  the  Pittsley  bed.   The  Avoca  bed  was  encountered  in  all 
three  study  areas  to  the  north  of  the  Missouri  River  and  may  correlate  to  one  of 
the  beds  found  in  the  Tobacco  Garden  Study  Area  as  well.   The  Avoca  apparently 
thickens  to  the  south.   It  attains  a  thickness  of  from  2.0  to  4.0  feet  (average 
2.7  feet)  in  the  Hanks  area;  from  9.0  to  11.0  feet  (average  9.8  feet)  in  the 
Sand  Creek  area;  and  from  1.0  to  18.0  feet  (average  9.5  feet)  in  the  Williston 
area.   The  Avoca  contains  from  one  to  two  benches  and  splits  into  two  additional 
benches  in  Sand  Creek  (average  interburden  of  2.0  feet). 

Williston  Bed_  -  The  Williston  bed  is  the  most  laterally  continuous  lignite  bed 
in  the  Williams  and  McKenzie  Counties  Study  and  has  constituted  the  major  target 
for  mining  in  the  area.   The  Williston  bed  lies  approximately  51  feet  (average) 
above  the  Avoca  and  similar  to  the  Avoca,  has  been  identified  in  all  three  areas 
north  of  the  Missouri  River  and  may  also  correlate  to  a  lignite  bed  penetrated 
in  the  Tobacco  Garden  Study  Area  to  the  south.   The  Williston  bed  apparently 
thickens  to  the  northeast.   It  attains  a  thickness  of  from  4.5  to  10.0  feet 
(average  6.7  feet)  in  the  Sand  Creek  area;  from  2.0  to  11.5  feet  (average  6.8 
feet)  in  the  Hanks  area;  and  from  1.0  to  13.7  feet  (average  7.4  feet)  in  the 
Williston  area.   The  Williston  contains  from  one  to  three  benches  (average 
interburden  thickness  of  3.0  feet). 

J_ud_son_Bed_(H-bed_)  -  The  Judson  lignite  bed  was  identified  in  three  drill  holes 
within  the  Sand  Creek  Study  Area.  The  Judson  apparently  correlates  with  the  H- 
bed  of  Spencer  (1981)  in  an  easterly  direction  within  the  Williston  Study  Area 
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where  it  was  penetrated  by  an  additional  four  drill  holes.   The  Judson  lies 
approximately  50  to  70  feet  above  the  Williston  bed.   The  Judson  consists  of 
from  three  to  four  benches  (average  interburden  thickness  of  5.7  feet)  and 
attains  a  combined  lignite  thickness  of  from  8.0  to  14.5  feet  (average  thickness 
of  10.2  feet)  in  the  Sand  Creek  Study  Area,  and  8.6  feet  (from  3.0  to  15.0  feet) 
in  its  stratigraphic  equivalent  (the  H-bed)  in  the  Williston  Study  Area. 

I-  or  J-bed_(?_)  -  A  fairly  thick  lignite  bed  of  4.5  to  6.9  feet  (average  5.7 
feet)  thickness,  of  rather  limited  lateral  continuity,  was  penetrated  by  two 
drill  holes  within  the  Williston  Study  Area.   This  bed  lies  approximately  30  to 
50  feet  above  the  H-bed  (Judson?)  and  may  correlate  to  the  I-  or  J-bed  of 
Spencer  (1981).   This  bed  consists  of  predominantly  one  bench  with  some  very 
thin  shale  partings. 

Mormon  Bed  -  The  Mormon  bed  was  encountered  only  in  the  Williston  Study  Area 
and,  according  to  U.S.  Bureau  of  Reclamation  drill  data,  lies  approximately  75 
feet  above  the  1-  or  J-bed  (?)  and  approximately  200  feet  above  the  Williston 
bed.   The  Mormon  attains  a  thickness  of  from  5.0  to  10.5  feet  (average  7.2  feet) 
and  contains  from  one  to  two  benches  (average  interburden  thickness  of  approxi- 
mately 5.0  feet). 

Engineering  Geology 

Stability  of  Excavation  Slopes 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Williams  and  McKenzie  Counties  Study.   The  physical  property  test  results  for 
this  study  area  should  be  similar  to  those  of  Fort  Union  Formation  samples 
tested  at  the  Otter  Creek  Study  Site,  Montana  (EMRIA  Report  No.  1). 

Shear  strengths  of  the  material  are  low,  especially  in  a  saturated  condition. 
Slides  could  easily  develop  adjacent  to  high  walls  in  surface  mines,  particu- 
larly along  beds  of  weak,  plastic,  carbonaceous  shales  which  are  typically  cut 
by  inherent  slickensides.   Adequate  drainage  will  have  to  be  maintained  to 
relieve  pore  water  pressure  in  the  overburden  as  mine  excavations  progress. 

Saturated,  uncemented  siltstones  and  fine-grained  sandstones  will  readily  erode 
and  flow  into  excavations.   This  problem  is  sometimes  encountered  in  drilling 
when  the  walls  of  holes  collapse  or  slough.   Depth  of  excavation  will  be  limited 
by  the  water  table  until  these  materials  are  dewatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be  depen- 
dent on  exposure  time,  moisture  conditions,  material  types,  and  depth  of  cut. 
Detailed  engineering  studies  of  the  overburden  will  be  required  at  each  location 
for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  site  indicate  that  disturbed  overburden 
(spoil  banks  and  piles)  should  have  slopes  not  greater  than  4  to  1  with  berms  of 
50  to  100  feet  in  width  designed  on  the  slope  surface. 

Stability  of  the  Present  Landscape 

In  its  present  undisturbed  state,  landscape  within  the  Williams  and  McKenzie 
Counties  Study  experiences  only  minor  problems  with  land  stability.   Small 
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landslides  locally  occur  along  oversteepened  banks  along  the  shoreline  of  Lake 
Sakakawea  (Missouri  River);  however,  the  generally  gentle  slopes  comprising  the 
majority  of  land  within  the  study  area  does  not  present  serious  problems.   Land 
subsidence  is  not  a  problem  in  the  study  areas. 

Overburden  Expansion 

Overburden  volumes  expand  as  the  materials  are  broken  up  during  mining.   The 
increase  in  volume  (bulking  or  swell)  differs  for  various  types  of  soil  and 
rock.   Soft  sandstones  and  shales  in  the  Fort  Union  Formation  will  probably 
expand  about  25  percent.   In  some  cases,  the  surface  of  the  replaced  overburden 
will  be  higher  after  mining  than  the  ground  surface  was  before  disturbance. 

Instability  of  the  Postraining  Landscape  1/ 

Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  area-wide  settling;  (2)  localized 
collapse;  and  (3)  piping.   Each  type  of  instability  is  affected  by  variables  in 
the  postmining  landscape.   These  include  the  physical  and  chemical  charac- 
teristics of  the  overburden,  methods  and  equipment  used  in  stripping  and  con- 
touring operations,  and  the  season  when  these  activities  occur. 

Area-wide  settling  is  common  in  most  postraining  landscapes,  but  appears  to  cause 
only  minimal  disruption.   This  settlement  will  generally  be  most  pronounced 
during  the  first  year  and  will  continue  at  a  decreasing  rate  with  the 
progression  of  time. 

The  texture  of  the  overburden  will  have  a  marked  influence  on  settlement.   Fine- 
textured  (clayey)  overburden  usually  results  in  more  blocky  and,  initially,  more 
porous  spoils  than  does  coarse-textured  (sandy)  overburden.   Therefore,  a  lesser 
degree  of  settlement  is  expected  in  areas  of  largely  sandy  spoils  than  in  areas 
of  clayey  spoils. 

Equipment  is  also  a  critical  factor.   Settlement  is  significantly  less  in 
scraper-contoured  areas  than  in  dozer-contoured  areas,  especially  if  contouring 
is  conducted  in  midwinter.   This  is  because  a  greater  degree  of  compaction  is 
achieved  in  scraper-contouring  operations  than  in  dozercontouring  operations. 

Local  collapse  features  develop  soon  after  contouring  and  usually  complete  devel- 
opment within  a  year.   They  commonly  occur  in  precontouring  valley  areas  where 
frozen  spoil  blocks  are  concentrated  by  final,  midwinter  dozer  contouring. 
Thawing  of  these  blocks  results  in  local  surface  subsidence.   In  contrast,  areas 
contoured  in  midwinter  with  a  scraper  are  stable  because  large  blocks  of  frozen 
spoil  are  broken  apart,  spread,  and  compacted.   This  type  of  landscape  instabi- 
lity is,  therefore,  largely  equipment  and  seasonally  controlled. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postraining  landscapes. 
Development  usually  begins  soon  after  contouring  and  may  continue  for  several 
years.   In  some  postmining  landscapes,  piping  has  only  started  to  develop  after 
as  much  as  5  years  of  apparent  stability.   It  is  controlled  by  a  combination  of 
physical  and  chemical  conditions  in  the  spoils. 

1/  Groenewold,  G.H.,  and  Rehm,  B.W. ,  1980. 
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A  key  factor  in  the  development  of  piping  features  is  the  cracking  of  spoils  in 
areas  containing  highly  dispersive  sodic  material.   These  cracks  allow  access 
for  large  volumes  of  surface  runoff  to  flow  into  the  subsurface.   Piping 
generally  develops  on  nearly  flat  slopes  where  surface  runoff  is  minimal  and 
infiltration  is  maximized. 

Piping,  like  other  instability  problems,  most  commonly  develops  in  areas  con- 
toured by  dozers.   Scraper-contoured  areas  generally  are  better  compacted,  thus 
providing  fewer  subsurface  avenues  for  infiltration  of  surface  water. 

Weathering 

Weathering  tests  were  not  performed  on  core  samples  collected  in  areas  at  the 
Williams  and  McKenzie  Counties  Study.   However,  weathering  tests  were  conducted 
on  similar  materials  of  the  Fort  Union  Formation  (Sentinel  Butte  Member)  at  the 
Rattlesnake  Butte  Study  Site,  located  approximately  90  miles  to  the  south. 
These  weathering  tests  revealed  that  shales  break  down  more  rapidly  than  either 
sandstones  or  siltstones,  but  the  material  produced  may  be  difficult  to  move  and 
place  because  of  its  plasticity.   For  further  information,  refer  to  the  report 
on  the  Rattlesnake  Butte  Study  Area. 

Seismicity 

The  lands  within  the  Williams  and  McKenzie  Counties  Study  lie  within  a  rela- 
tively stable  part  of  North  America.   All  of  North  Dakota  is  within  Zone  1  of  the 
Algermissen  Seismic  Risk  Map.   In  this  zone  distant  earthquakes  can  cause  minor 
damage  to  structures  with  fundamental  periods  greater  than  1.0  second 
(corresponds  to  Intensities  V  and  VI  of  the  Modified  Mercalli  Intensity  Scale  of 
1931). 

No  earthquakes  of  Intensity  V  or  above  (Modified  Mercalli)  have  occurred  within 
North  Dakota  during  historical  times.   Earthquakes  centered  in  Iowa,  Minnesota, 
Montana,  South  Dakota,  Nebraska,  and  Canada  have  been  felt  in  the  State.   A 
list  of  earthquakes  that  have  been  felt  in  North  Dakota  and  that  have  occurred 
within  300  miles  of  the  city  of  Williston  follows,  but  some  of  the  information 
on  exact  location  and  intensity  is  unknown. 


Date 
Nov.  15,  1877 
Oct.  11,  1895 
May  15,  1909 
Nov.  17,  1925 
Nov.  16,  1928 
June  24,  1943 
Oct.  26,  1946 
June  26,  1966 
July  8,  1968 


Intensity 
(Modified  Mercalli) 


Distance  From 
Williston,  ND 


Unknown 

Unknown 

IV  -  V  (2) 

285 

Unknown 

Unknown 

V 

280 

V 

295 

VI 

40 

IV 

0 

VI 

275 

IV 

170 

Located  Near 

Iowa  or  Nebraska 

Hill  City-Keystone,  SD 

Saskatchewan,  Canada 

Bighorn,  WY 

Custer,  SD 

Froid,  MT 

Williston,  ND 

Rapid  City,  SD 

Huff,  ND 
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OVERBURDEN  SUITABILITY  FOR  REVEGETATION 

Introduction 

Overburden  samples  from  20  representative  Bureau  of  Reclamation  drill  holes  were 
evaluated  as  to  their  suitability  for  use  as  a  planting  medium  for  revegetation. 
The  representative  drill  holes  were  selected  as  follows: 

Hanks  Study  Area:   Drill  Holes  82-101  through  82-106  (see  Plates  17  through  22 
in  the  Appendix) . 

Sand  Creek  Study  Area:   Drill  Holes  82-107  through  82-109,  81-110,  and  81-111 
(see  Plates  23  through  27  in  the  Appendix). 

Williston  Study  Area:   Drill  Holes  81-113,  81-114,  81-117,  81-121,  and  81-123 
(see  Plates  29,  30,  33,  37,  and  39  in  the  Appendix). 

Tobacco  Garden  Study  Area:   Drill  Holes  82-124  through  82-127  (see  Plates  40 
through  43  in  the  Appendix). 

Procedures 

The  upper  10  feet  of  each  drill  hole  were  logged  and  sampled  by  a  soil  scientist 
(USBR).   Below  10  feet,  the  core  was  logged  and  sampled  by  a  geologist  (USBR) . 

Four  of  the  drill  holes  were  sampled  concurrently  by  the  Bureau  of  Reclamation 
and  U.S.  Geological  Survey—'  .   The  purpose  of  this  sampling  process  was  for  each 
agency  to  obtain  identical  samples  (subsamples)  and  analyze  for  selected  trace 
elements  using  different  analytical  techniques,  i.e.,  atomic  absorption 
spectrophotometry  (USBR)  versus  inductively  coupled  plasma  emission  spectroscopy 
(USGS).   Only  the  results  from  the  USBR  analyses  are  included  in  this  report. 
The  USGS  data  will  be  compared  at  a  later  date  with  those  obtained  by  the  USBR, 
and  the  pros  and  cons  of  using  each  of  the  analytical  systems  will  be  evaluated. 

Complete  laboratory  analyses,  including  selected  trace  element  determinations, 
were  performed  on  the  samples  by  Bureau  of  Reclamation  laboratories  in  Bismarck, 
North  Dakota,  Boise,  Idaho,  and  Denver,  Colorado.   The  results  of  these  analyses 
are  presented  in  Tables  2  through  21  in  the  Appendix.   In  addition,  x-ray 
diffraction  analyses  were  performed  on  approximately  200  of  the  samples  in  order 
to  identify  the  major  clay  mineral  types  occurring  in  the  various  overburden 
materials.   The  results  of  these  analyses  are  discussed  later  in  this  report. 

The  suitability  criteria  listed  in  Table  22,  Appendix,  were  applied  to  the 
laboratory  data  in  order  to  place  the  overburden  materials  into  one  of  three 
categories:   Suitable,  Limited  Suitability,  or  Unsuitable. 

Results  and  Discussion 

Tables  23  through  42  in  the  Appendix  present  the  results  of  the  overburden 
suitability  evaluation  for  each  representative  drill  hole.   The  results  for  each 
of  the  four  study  areas  are  discussed  briefly  below. 


1/   Regional  Geochemistry  Branch,  Denver,  Colorado 
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It  should  be  recognized  that  this  suitability  evaluation  is  based  on  site-specific 
data  collected  at  each  drill  hole.   Any  attempt  to  project  the  results  within  or 
between  the  study  areas  may  be  highly  inaccurate  due  to  wide  variations  in  over- 
burden characteristics.   A  much  more  detailed  drilling  program  will  be  necessary 
prior  to  raining  to  more  accurately  determine  the  quantity  and  quality  of  the 
overburden  materials. 

Hanks  Study  Area  -  Drill  Holes  82-101  through  82-106 

Approximately  21  percent  of  the  overburden  materials  from  these  six  drill  holes 
were  determined  to  be  suitable  for  use  as  plant  media,  31  percent  were  of 
limited  suitability,  and  48  percent  were  unsuitable. 

The  overburden  materials  were  of  three  distinct  types:   topsoil/subsoil ,  glacial 
till  or  outwash,  and  soft  sedimentary  beds. 

Generally,  1  to  4  feet  of  topsoil/subsoil  was  present  in  each  drill  hole.   In 
most  cases,  the  topsoil  (6  to  18  inches)  is  medium  textured,  nonsaline,  and  non- 
sodic,  making  it  highly  desirable  for  surface  placement  in  a  reconstructed  pro- 
file.  Most  of  the  subsoil  materials  were  of  limited  suitability  due  to  their 
moderately  fine  texture.   These  slowly  permeable  materials  could  produce 
excessive  runoff  and  erosion  if  they  are  placed  on  the  surface.   They  are, 
however,  suitable  for  subsurface  placement  in  the  plant  rooting  zone. 

The  soil  (or  outwash)  in  each  drill  hole  was  underlain  by  glacial  till  which 
extended  to  depths  ranging  from  7.5  feet  in  Drill  Hole  82-105  to  71.6  feet  in 
Drill  Hole  82-104.   Most  of  the  till  materials  were  rated  as  limited  suitability 
due  to  moderately  fine  texture  and/or  moderate  salinity  (4-12  mmhos/cm).   These 
materials  are  unsuitable  for  use  as  topsoil;  however,  they  could  be  utilized  to 
supplement  available  subsurface  materials. 

The  soft  sandstones,  shales,  or  siltstones  underlying  the  glacial  till  in  these 
drill  holes  belong  to  the  Sentinel  3utte  Member  of  the  Paleocene  Fort  Union 
Formation.   Most  of  these  materials  were  rated  as  limited  suitability  or 
unsuitable  for  use  as  planting  media.   The  limited  suitability  materials  were 
restricted  primarily  by  moderately  fine  or  moderately  coarse  texture  and/or 
moderate  salinity.   These  materials  are  undesirable  for  surface  placement,  but 
could  be  utilized  in  the  root  zone  beneath  12  to  18  inches  of  good  quality  top- 
soil.   The  materials  rated  as  unsuitable  were  fine  or  coarse  textured  and/or 
highly  sodic.   In  addition,  moderately  high  levels  of  nickel  occurred  in  a 
number  of  the  samples.   These  unsuitable  materials  should  be  placed  well  below 
the  root  zone  in  reconstructed  profiles.   The  suitable  materials  consisted  of 
fine-grained  sandstones  and  silty  or  sandy  shales  which  were  medium  textured, 
nonsaline,  and  nonsodic.   These  materials  could  be  selectively  stripped  and  uti- 
lized to  supplement  available  topsoil  or  subsoil. 

Sand  Creek  Study  Area  -  Drill  Holes  82-107  through  82-109,  81-110,  and  81-111 

Of  all  overburden  materials  evaluated  from  these  five  drill  holes,  about  7  percent 
were  determined  to  be  suitable  for  use  as  revegetative  media,  36  percent  were  of 
limited  suitability,  and  57  percent  were  unsuitable. 

The  overburden  materials  consisted  either  of  topsoil/subsoil,  glacial  till,  or 
weathered  sedimentary  beds. 
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The  depth  of  available  soil  materials  in  these  drill  holes  ranged  from  about  3 
to  6  feet.   The  topsoil  (6  to  18  inches)  is  of  good  quality;  it  is  highly 
suitable  for  surface  placement  in  a  reconstructed  profile.   The  subsoil 
materials  are  mostly  of  limited  suitability  due  to  their  moderately  fine  tex- 
ture.  In  addition,  some  of  these  materials  are  moderately  saline  and  contain  a 
moderately  high  level  of  manganese,  i.e.,  DH-82-108. 

Glacial  till,  underlying  the  soil  material,  occurred  in  each  of  the  drill  holes. 
It  extended  to  depths  ranging  from  13.0  feet  in  DH-81-111  to  72.2  feet  in 
DH-82-107.   The  majority  of  the  till  materials  were  rated  as  limited  suitability 
due  to  moderately  fine  texture,  moderate  salinity,  and,  in  Drill  Holes  82-108 
and  81-110,  moderately  high  manganese  levels.   These  materials  are  undesirable 
as  a  plant  germination  medium  (topsoil),  but  could  be  utilized  to  supplement 
available  subsoil  materials. 

Weathered  sandstones,  shales,  and  siltstones  of  the  Sentinel  3utte  Member,  Fort 
Union  Formation,  occurred  beneath  the  glacial  till  in  each  of  the  drill  holes. 
Most  of  these  materials  were  classified  as  limited  suitability  or  unsuitable  due 
to  one  or  more  of  the  following  factors:   moderately  fine  to  fine  texture, 
moderate  salinity,  moderate  to  very  high  exchangeable  sodium  percentage,  and 
moderately  high  levels  of  nickel.   The  limited  suitability  materials  could  be 
utilized  in  deficient  areas  to  supplement  available  subsoil  materials;  they 
should  not  be  utilzied  as  topsoil,  however.   The  unsuitable  materials  could 
severely  restrict  plant  germination  and  development  if  they  are  placed  in  the 
root  zone;  therefore,  they  should  be  selectively  placed  beneath  2  to  3  feet  of 
nonsaline/nonsodic  soil  or  overburden  in  reconstructed  profiles. 

Williston  Study  Area  -  Drill  Holes  81-113,  81-114,  81-117,  81-121,  and  81-123 

Approximately  5  percent  of  the  overburden  materials  from  the  five  drill  holes  in 
this  study  area  were  rated  suitable  for  use  as  plant  media,  25  percent  were  of 
limited  suitability,  and  70  percent  were  unsuitable. 

Three  material  types  were  distinguished:   topsoil/subsoil ,  glacial  till  or  outwash, 
and  soft  sedimentary  beds. 

The  depth  of  soil  material  over  glacial  till  or  outwash  ranged  from  3.2  feet  in 
DH-81-117  to  about  7.5  feet  in  DH-81-121.   The  topsoil,  which  consisted  of  6  to 
18  inches  of  medium  textured,  nonsaline,  and  nonsodic  material,  is  highly 
suitable  for  surface  placement  in  reconstructed  profiles.   The  subsoil  materials 
were  nonsaline  and  nonsodic;  however,  most  were  moderately  fine  or  moderately 
coarse  textured,  causing  them  to  be  placed  in  the  limited  suitability  category. 
These  materials,  though  undesirable  for  surface  placement,  are  well  suited  for 
subsurface  placement  in  the  plant  rooting  zone. 

Glacial  till  occurred  in  four  of  the  five  drill  holes,  the  exception  being 
DH-81-121,  in  which  only  glacial  outwash  occurred.   The  till  extended  to  depths 
ranging  from  10.0  feet  (DH-81-113)  to  68.8  feet  (DH-81-117).   The  latter  depth, 
however,  was  interrupted  between  9.0  and  47.5  feet  by  glacial  outwash.   Most  of 
the  till  materials  were  rated  as  limited  suitability  due  to  moderately  fine  tex- 
ture or  moderate  salinity.   These  materials  are  not  suitable  for  surface  place- 
ment in  reconstructed  profiles,  but  could  be  used  to  supplement  available 
subsoil  materials  in  the  plant  rooting  zone.   The  glacial  outwash  materials 
varied  in  texture  from  moderately  coarse  (sandy  loam)  to  very  coarse  (gravelly 
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sand).   The  moderately  coarse  materials  are  undesirable  as  topsoiling  material, 
but  could  be  utilized  in  deficient  areas  as  subsurface  material.   The  coarser 
materials  were  rated  unsuitable;  the  low  water  holding  capacity  and  fertility  of 
these  materials  would  adversely  affect  plant  growth  if  they  were  placed  in  the 
root  zone  in  reconstructed  profiles. 

Soft  shales,  siltstones,  and  sandstones  occurred  beneath  the  glacial  tilL  or 
outwash  in  each  drill  hole.   These  sedimentary  beds  belong  to  the  Sentinel  Butte 
Member  of  the  Fort  Union  Formation.   Only  a  few  of  these  materials,  primarily 
silty  or  clayey  sandstones,  were  rated  suitable  for  use  as  revegetative  media. 
Most  of  the  materials  were  classified  as  limited  suitability  or  unsuitable  due 
to  moderate  or  high  exchangeable  sodium  percentages  and/or  textural  limitations. 
In  addition,  moderate  salinity  levels  were  present  in  a  few  samples,  and  moder- 
ately high  contents  of  nickel  or  manganese  occurred  in  a  number  of  the 
materials.   The  limited  suitability  materials  could  be  utilized  as  subsurface 
material,  preferably  below  2  to  3  feet  of  nonsaline/nonsodic  material.   The 
unsuitable  materials  should  be  selectively  placed  well  below  the  root  zone  in 
reconstructed  profiles. 

Tobacco  Garden  Study  Area  -  Drill  Holes  82-124,  82-125,  82-126,  and  82-127 

Of  all  overburden  materials  evaluated  from  these  four  drill  holes,  approximately 
4  percent  were  determined  to  be  suitable  for  use  as  plant  media,  24  percent  were 
of  limited  suitability,  and  72  percent  were  unsuitable. 

The  overburden  materials  again  consisted  of  topsoil/subsoil,  glacial  till  or 
outwash,  or  soft  sedimentary  beds. 

In  Drill  Holes  82-124  and  82-125,  4.2  and  4.3  feet,  respectively,  of  soil 
material  was  present  above  glacial  till.   The  upper  24  to  30  inches  of  this  soil 
material  was  medium  textured,  nonsaline,  and  nonsodic,  making  it  highly  suitable 
for  use  as  topsoiling  material  in  a  reconstructed  profile.   The  lower  24  to  30 
inches  of  the  soil  material  was  of  limited  suitability  due  to  moderately  fine 
texture.   This  material,  though  undesirable  for  surface  placement  in  a 
reconstructed  profile,  is  well  suited  for  subsurface  placement  in  the  plant 
rooting  zone. 

Only  11  inches  of  soil  material  was  present  above  sandy  outwash  in  Drill  Hole 
82-126.   This  soil  material  was  rated  suitable  for  use  as  revegetative  material. 

In  Drill  Hole  82-127,  3.3  feet  of  colluvial  soil  material  occurred  above  fine- 
grained sandstone.   This  soil  material  was  moderately  fine  textured,  causing  it 
to  be  placed  in  the  limited  suitability  category.   It  is  not  suitable  for  sur- 
face placement  in  a  reconstructed  profile,  but  could  be  utilized  as  subsurface 
material  in  the  plant  rooting  zone. 

The  glacial  till  underlying  the  soil  materials  in  Drill  Holes  82-124,  82-125, 
and  82-126  was  rated  as  limited  suitability  due  to  moderately  fine  texture 
and/or  moderate  salinity.   A  thin  outwash  zone  occurring  between  the  soil  and 
till  in  Drill  Hole  82-127  was  also  classed  as  limited  suitability  due  to  moder- 
ately coarse  texture.   Both  the  till  and  outwash  materials  are  undesirable  for 
use  as  topsoiling  material  in  a  reconstructed  profile.   They  are,  however,  of 
suitable  quality  for  subsurface  placement  in  the  root  zone. 


17 


The  sedimentary  beds  occurring  in  these  drill  holes  belong  to  the  Sentinel  Butte 
Member  of  the  Fort  Union  Formation.   Only  2  beds,  both  sandstones,  were  rated 
suitable  for  use  as  plant  media.   These  good  quality  materials  could  be  utilized 
as  either  topsoil  or  subsurface  material  in  a  reconstructed  profile.   The 
remainder  of  the  sedimentary  materials  were  classified  as  limited  suitability  or 
unsuitable  due  primarily  to  textural  limitations  (fine  or  coarse)  and/or 
moderate  to  high  exchangeable  sodium  percentages.   In  addition,  a  number  of  the 
materials  contained  moderate  amounts  of  soluble  salts  or  moderately  high  levels 
of  manganese  or  nickel.   The  limited  suitability  materials  could  be  utilized  as 
subsurface  materials  in  reconstructed  profiles,  preferably  below  2  to  3  feet  of 
nonsaline/nonsodic  material.   The  unsuitable  materials  are  undesirable  as  a 
planting  medium;  they  should  be  selectively  placed  well  below  the  root  zone  in 
reconstructed  profiles. 

Summary  of  Overburden  Suitability 

Three  distinct  material  types  comprised  the  overburden  in  20  representative 
drill  holes  from  the  Hanks,  Sand  Creek,  Williston,  and  Tobacco  Garden  Study 
Areas.   These  were  topsoil/subsoil,  glacial  till  and/or  outwash,  and  soft  sedi- 
mentary beds. 

Glacial  till  of  variable  depth  occurred  below  the  soil  material  in  all  but  one 
of  the  drill  holes.   The  till  was  underlain  by  the  sedimentary  beds,  all 
belonging  to  the  Sentinel  Butte  Member  of  the  Paleocene  Fort  Union  Formation. 

Only  a  small  percentage  of  the  overburden  materials  were  rated  suitable  for  use 
as  planting  media.   These  materials  commonly  included  the  surface  soil  (1-2  feet) 
in  each  drill  hole,  as  well  as  a  few  of  the  till  materials  and  selected  sedimen- 
tary strata.   The  latter  typically  consisted  of  sandstones,  silty  sandstones,  or 
sandy  siltstones/shales.   The  suitable  materials  were  medium  textured,  non- 
saline,  and  nonsodic.   They  could  be  selectively  stripped  and  utilized  as  either 
topsoil  or  subsurface  material  in  reconstructed  profiles. 

Many  of  the  subsoil,  till,  outwash,  and  sedimentary  materials  were  placed  in 
the  limited  suitability  category  due  to  moderately  fine  or  moderately  coarse 
texture  and/or  moderate  salinity  (4-12  mmhos/cra).   In  addition,  some  of  these 
materials  had  moderately  high  exchangeable  sodium  percentages  or  contained 
moderate  levels  of  manganese  or  nickel.   The  limited  suitability  materials  are 
undesirable  for  use  as  topsoiling  material;  however,  they  could  be  utilized  as 
subsurface  material  in  reconstructed  profiles,  preferably  below  2  to  3  feet  of 
medium  textured,  nonsaline,  and  nonsodic  material. 

A  significant  percentage  of  the  overburden  materials  were  rated  unsuitable  for 
use  as  planting  media.   Most  of  these  materials  consisted  of  sedimentary  beds 
which  were  fine  or  coarse  textured  and/or  contained  high  percentages  of 
exchangeable  sodium.   A  number  of  these  materials  were  also  moderately  saline 
and/or  contained  moderately  high  levels  of  nickel  or  manganese.   In  addition  to 
the  sedimentary  beds,  several  outwash  zones  were  rated  unsuitable  due  to  very 
coarse  texture.   The  unfavorable  physical  and  chemical  characteristics  of  these 
materials  make  them  undesirable  for  use  as  planting  media.   They  should  be 
selectively  placed  well  below  the  plant  rooting  zone  in  reconstructed  profiles. 
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X-Ray  Diffraction  Analyses  ±f 

Introduction 

X-ray  diffraction  analyses  were  performed  on  approximately  200  overburden 
samples  from  14  Bureau  of  Reclamation  drill  holes  in  the  Hanks,  Sand  Creek, 
Williston,  and  Tobacco  Garden  Study  Areas.   The  purpose  for  these  analyses  was 
to  differentiate  the  major  clay  types  comprising  the  overburden  materials.   The 
following  drill  holes  were  selected  for  sampling: 

Hanks:   Drill  Holes  82-101,  82-104,  and  82-105. 

Sand  Creek:   Drill  Holes  81-110  and  81-111. 

Williston:   Drill  Holes  81-113,  81-114,  81-117,  81-121,  81-122,  and  81-123. 

Tobacco  Garden:   Drill  Holes  82-125,  82-126,  and  82-127. 

The  overburden  materials  selected  for  analysis  consisted  of  1  soil  sample 
(subsoil),  16  glacial  till  samples,  117  shale  samples,  21  siltstone  samples,  and 
41  sandstone  samples.   The  samples  from  each  drill  hole  are  identified  in  the 
left-hand  column  of  the  geologic  logs,  as  shown  on  Plates  17,  20,  21,  26,  27, 
29,  30,  33,  37,  38,  39,  41,  42,  and  43  in  the  Appendix. 

Results  and  Discussion 

The  percentages  of  the  various  clay  mineral  types  occurring  in  each  overburden 
sample  analyzed  are  listed  in  Tables  43  through  56  in  the  Appendix.   This  data 
was  condensed  in  Table  57  on  the  basis  of  material  type  (soil,  till,  shales, 
siltstones,  and  sandstones)  to  show  the  ranges  and  mean  percentages  of  each  clay 
type. 

The  following  is  a  generalized  discussion  of  clay  type  occurrence  in  the  over- 
burden materials  examined  in  this  study.   A  discussion  pertaining  to  clay 
mineral  formation,  structure,  and  properties  is  beyond  the  scope  of  this  report. 
The  reader  is  referred  to  Grim  (1968)  for  detailed  information  on  this  subject. 

Illite  and  random  mixed-layer  clays  were  the  dominant  types  comprising  the  over- 
burden materials.   Together,  they  generally  constituted  between  75  and  90  per- 
cent of  the  clay  fraction.   The  random  mixed-layer  clays  are  composed  of  2  or 
more  clay  minerals  which  are  interlayered  in  an  irregular  pattern,  i.e.,  nonuni- 
form interstratif ication  of  illite  and  montraorillonite.   Due  to  the  inherent 
variability  of  these  clay  types,  no  attempt  was  made  in  this  study  to 
distinguish  the  individual  clay  species  comprising  them. 

The  smectite  clay  group,  of  which  montmorillonite  is  a  species,  was  only 
distinguished  in  one  shale  sample  and  three  sandstone  samples.   However,  it  was 
the  dominant  type  in  these  samples,  comprising  97  to  100  percent  of  the  clay 
fraction. 

Kaolinite  and  chlorite  were  relatively  common  constituents  in  the  overburden 
samples;  however,  they  only  constituted  about  10  percent  and  5  percent,  respec- 
tively, of  the  clay  fraction. 

Other  minerals  occurring  to  a  minor  extent  included  quartz  (about  0.5  percent), 
carbonate  (about  0.3  percent),  and  feldspar  (0.2  percent).   An  exception  was  the 
one  soil  (subsoil)  sample  analyzed,  in  which  3  percent  quartz  and  8  percent  car- 
bonate occurred. 


2/  Analyses  performed  by  Case  Western  Reserve  University,  Cleveland,  Ohio. 
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Table  57 
Sheet  1  of  2 


Ranges  and  Means  (Percentages)  of  Clay  Types 
Occurring  in  Overburden  Samples  from  the  Hanks, 
Sand  Creek,  Williston,  and  Tobacco  Garden  Study  Areas 


Glacial  Till  -  16  Samples 

Type 


Kaoiinite 

Chlorite 

Illite 

Smectite 

Mixed  Layer* 

Quartz 

Carbonate 


Range 

(%) 

Mean  (%) 

3  - 

18 

13.3 

0  - 

14 

4.4 

15  - 

58 

42.5 

26  - 

70 

41.4 

0  - 

6 

1.2 

Shales  (Includes  Shales,  Silty  Shales,  and  Sandy  Shales)  -  117  Samples 


Type 

Range 
0  - 

(%) 
56 

Mean  (%) 

Kaoiinite 

9.0 

Chlorite 

0  - 

17 

7.8 

Illite 

5  - 

73 

43.5 

Smectite 

0  - 

100** 

- 

Mixed  Layer* 

11  - 

93 

36.3 

Quartz 

0  - 

8 

1.1 

Carbonate 

0  - 

5 

0.3 

Other  (Felds 

par) 

0  - 

25 

0.5 

Siltstones  (Includes  Siltstones,  Sandy  Siltstones,  and  Clayey  Siltstones) 
21  Samples 

Type 


Range 

(%) 

Mean  (%) 

0  - 

40 

7.0 

0  - 

18 

8.5 

26  - 

69 

53.4 

16  - 

63 

28.6 

0  - 

3 

0.9 

0  - 

4 

0.3 

0  - 

3 

0.1 

Kaoiinite 

Chlorite 

Illite 

Smectite 

Mixed  Layer* 

Quartz 

Carbonate 

Other  (Feldspar)    0-3 

*  Random  Type 

**  Occurred  in  only  one  sample  (100  percent) 
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Ranges  and  Means  (Percentages)  of  Clay  Types 
Occurring  in  Overburden  Samples  from  the  Hanks, 
Sand  Creek,  Williston,  and  Tobacco  Garden  Study  Areas 

Sandstones  (Includes  Sandstones,  Silty  Sandstones,  and  Clayey  Sandstones) 
41  Samples 


Type 

Range 
Trace  - 

(%) 
39 

Mean  (%) 

Kaolinite 

8.3 

Chlorite 

0  - 

15 

5.8 

Illite 

15  - 

68 

30.3 

Smectite 

0  - 

100** 

- 

Mixed  Layer* 

0  - 

95 

46.5 

Quartz 

0  - 

8 

1.2 

Carbonate 

0  - 

3 

0.1 

Other 

0  - 

5 

0.2 

Soil  Material  (Only  one  sample  analyzed:   4-38"  subsoil  zone  in  DH-81-117) 


Type 

Range 
12 

(%) 

Mean  (%) 

Kaolinite 

12.0 

Chlorite 

0 

0.0 

Illite 

14 

14.0 

Smectite 

0 

0.0 

Mixed  Layer* 

63 

63.0 

Quartz 

3 

3.0 

Carbonate 

8 

8.0 

*  Random  type 

**  Occurred  in  only  one  sample  (100  percent) 


APPENDIX 


ENGLISH  TO  METRIC  (SI)  CONVERSIONS 


Multiply  English  Units 
Inches 
Feet 
Miles 
Acres 

Square  Miles 
Acre-Feet 
Cubic  Yard 
Feet  Per  Mile 
Btu  Per  Pound 

Pounds 


25.40 

0.3048 

1.609 

0.4047 

0.004047 

2.590 

0.001233 

0.7646 

0.1894 

0.556 

453.60 


Millimeters  (ram) 

Meters  (m) 

Kilometers  (km) 

Hectares  (ha) 

Square  Kilometers  (km^) 

Square  Kilometers  (km^) 

Cubic  Hectometers  (hm^) 

Cubic  Meter  (m^) 

Meters  Per  Kilometer  (m/kra) 

Kilogram  Calories  Per 
Kilogram  (kcal/kg) 

Grams  (g) 


Convert  Degrees  Fahrenheit  to  Degrees  Celsius:   °C  =  5/9(°F  -  32) 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


ll.inkbi    Study   Area 

M82:101  LOC.T,0.    1«'    i.  '.»'!/ 

Section  7,   T.    159  1 

l/-7/S1'  FINISHED       3'™'"-  DEPTH  OF 


.2243. o:± 


sT 


16.5- 
33.0-    ... 


125.3 

21Z2.fi 


2105.8 
Tyjron 
2102.0  ui 


lolnt  at  91.5'; 
Coal ;  85.0-1 
and   broken   ui 


:;  no  reaction  to  HC1;  ucaklv 
)ecorae3  silty  below  106.7'  am 
:ontal  beddins;  coal:  black 
.rlttle  from  106.7-107.0;  con 
1.9'. 
I   SANDY   SILTSTOSE:      gray; 


very   fine   sand;    horizontal   bedding; 
3haly   from   110.8-112.3'    and   blue-gray 
shale   from   117.7-120.4;    black;    ahaly, 
and  hard  lignite  from  112.3  to   112.6'; 


m  i 


I 


M 


128.0-153.0   SHAL 


152:9 


i7i.i:  — 

177. 8: 


moist;  weak 
on  below  141.0';  very  firm; 
h  knife  leaving  a  dull  waxy 


137.2;  aandy  and  stltv  laminations  from 
144.3  to  149.0';  S  Inch  lignite  strlnge: 
at  149.5';   core  lengths   to  1.8'. 

137.2-141.0   Coal:      black;   moist;    han 
broken;    sampled   and   bagced    in   the 
field   by   the   driller. 
153.0-160.5   SILTY   SANDSTONE:      gray; 
no let;    moderate   HC1   reaction;    weakly 


cemented  from  153.0-154.7' 
crossbedded;  core  lengths  i 
!'■'?. 5-173.4  SHALE;  gray;  i 
.5*  whei 


;    firm;    loi 
ily  with   ki 


plasi 


Eii 


sha< 


ilfe;   coal;      bla< 


ahaly  to  olaty  from  165.8-166.1',  166.7 
167.5,  170.3-170.8',  and  clayey,  black 
from  173.2-173.4';  core  lengths  to  1.8' 
177.8  SANDSTONE:     gray;  moist; 

ited;    fine 


■Ak   HC1    : 


■    RECLAMATION 


GEOLOGIC  LOG  OF  DH  82-101 


'I  1305-600-393 


1^^; GEOLOGIC  LOG  OF  DRILL  HOLE 

IE IlllKS  .SU<lX  .A^eo, PROJECT.  -   BIfH-BR  ,C;oqpera.t.  lye,  .OBte.etK'lt 

.OH   82-102  IOC»TIO».  ."I!'.  .1-   A.i>.\  K-.  .<*   S...E..    Corner 

" ..Sck-  .«..I...15«.S....   R-.  .Ml  lP«°»»"ELE»        ,-,»..".+     .  .  .   oi,  ,*,ot«  1-, 

Wt«-82  .  .  ,„„„„.      .10-27-82      „IPT„  o,  O.E.BOROEM  "~  ....       KKt.  «,l    ft.  ,E««I»G. 

.„..,.„ „„  *Westman   0.0-10.0    ft. 

See  Notes      .  logged  bt  HgfiQCf  10.0^170.0  ft .  log  beviewei 


Ko.tth  .0a.kqta 
:j.WlMM. 


Hw  Cs   to 

20.5   ft. 

and   clea 

ed   hole. 

Continue 

Hq  wire 

3.5  ft. 

Nixed   In 

at    27.0 

t. 

In  ■.:■■ 

Hole  at 

WL   at 

16.0   ft. 

20.5  ft. 

Hq  wire 

line  fro 

ii  33.5  to 

113.5   ft 

with  con 

plete  wa 

er   clrcu 

10/27/82 

Hole  at 

113.5  ft 

Hw  Cs 

at    20.5    ft.      Con- 

tinued  Hq  wlrelln* 

front  113 

5  to 

170.0   ft 

Pulled 

sing,    anc 

backfill 

d  hole 

Drill   wa 

«««« 

1 


1 


ited  along  frj 


r- A I  ."       ■  ."■  :  ■-.  :■■>•:      ,ivv\  i . ,-: 
SEHTIHEL  BUTTE  MEMBER 
10.0-42,5'  SANDSTONE:   fine  grained, 
noncalcareous,  horizontal  and  cross- 
bedding;  tan;  soft,  crumbles  with  light 
pressure;  lightly  oxldtz 


from  23.3  to  23.5  ft 


■ed    and   weakly   i 


lengths 


.2.5-111.4'    SANDSTONE;       fine    ( 


cross   bedding,   moderately  cemented    by 
calcium  carbonate   from:      46.9   to   51.7    f 
87.5  to  88.5  ft.  and  111.0  to  111.4    ft. 
(scratches   with   moderate   knife   pres- 

bles   with   light    finger   pressure; 

moderately   weathered   throughout;   core 
lengths   to   1.0   ft.;    rust   stained;    20° 
tight   joints  at  47.3,    147.6,  and  47.9 
ft.  ;  moist. 
111. 4-123. 8'    SHALE:      shaley,    slightly 


calcareous ,    laminated ,    grade 
laminated.      Sandy   Slltstone    from   U7.9 
to   123.8    ft.;    gray;    medium   hardness, 
breaks   along   bedding   planes   with   light 
to  mderate  manual    pressure;    slightly 
weathered    from  111.4  to  112.9  ft.;  core 
lengths  to  0.9  ft.;   90°  closed  joints 
at    112.4  and  114.8  ft.   and  60*  joint 
at    115.0   ft.;    random   low  angle   sllcken- 
sides;  moist. 

123. 8-137. 9'   SHALE:      shaley,   noncalcare 
ous;   grades   into  soft,    gray  slltstone 
from   133.9   to    136.2    ft.,    horizontal    and 


Mr.,. 


md   and    lignit 


Top   10.0   ft.    logged    in    in< 
All    soil   colors   molat . 


.HpoHp.  Stvdy.  ftri 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


IE  .  JURte.  Study.  Area.  . PROJECT.  -  -  -  BlM-flR  .Cooper  a  tt.v.-.  AgJjey  pwR) 

«nH    HJ    In,    LOCATION.'-PO.\H,..&.25.\K..pf.S,E,.  Corner  , 

OBRM-Jfli  S££_.32,.I...L5SIl.„.IL.Jf>l   w.GROuhd  elev      .«2A.ft.±...  DIP 

LO-Z5-8Z      FINISHED    J0-27.-82.  .     DEPTH  OF  OVERBURDEN  ~.~ DEPTH.  .  .17P.-.°   /<= 

*Mestaan    0. 0-10-0    ft. 
A*NOEb*TE°«E«JaEEBD        Sue    Notes.  LODGED  BY  .B.otd.o.r.f  .    lA-.O.-l 7A-A   fc  -  LOO 


sampled  and  bagged  In  the  fli 
soft  to  medium  hardness;  moli 
from  147.6  to  148.1  ft.;  dem 
scattered  brown  woody  lignit 
148.1-149.2'    SANDSTONE:      fini 


no  Is  I 


tions  at  149.2 
aks  under  light 
lengths   to   0.8 


9.2-1 


■■II, M  F: 


-axy  i 


bedding  planes  with  moderate  mam 
pressure;  core  lengths  to  1.0  ft 
sllckenstde  at  153.0  ft.;  moist. 
154.7-155.1'    COAL:      platy,    britt 


I 


black;  moist. 

155.1-170.0'    SANDSTONE:      fine 


bedding;    gray;    soft    to  medium  hardnt 
breaking   along   bedding   planes  with 
light   manual   pressure;    core    lengths 


DEPARTMENT   OF  THE   I 


I   POTENTIAL   RECLAI 


GEOLOGIC  LOG  OF  DH  82-102 


.    STARCEVICH 


'""  11305-600-  394 


GEOLOGIC  LOG  OF  DRILL  HOLE 


...1,5.8  ft..,.  .R...  }pX  K-0' 


Ror.th.  paXo.ta. 

[)     .  .VCXticajL 


ft.      Set 


20.0 

to   20.5   Et. 

eonetl   hole.      Kg 

rellne   from  20.0 

i  79.0  ft.      Com- 

ete  circulation 

Of  drill  water. 

11/4/8J  Hole  at 

79.0  ft.   W.L.  at 

24.0  ft.   Hw  Cs  at 


Cont: 


3.0  ft  of  coal 
elow  133.0  ft 
ulled    tools   ai 


al  -  Sandy  glacial  out! 
Loam;  10  YR  2/1;  non- 
-  Loam;   2.5Y  4/2;  non- 


tes   -   0-17"    Is   very   dark  with   high 
ganie   enrichment    (pachic    epipedon) ; 
61"  zone  should  provide  excellent 
vegetative  media;    61-120"  -  about   75? 
all   and  medium   sized   gravel   with   sand! 
stly  medium  to   coarse. 

i. 0-13. B'    SANPY   CLAY    (CLACIAL   TILL): 


'   predominj 
:    fines  wil 


ely   fine 
i   low  to  i 


PAL' 


:ticity:  medium  to  high  dry  strength, 
to  medium  toughness;  approx  5?  fine 
ngular  to  subrounded,  hard  gravel; 
mum  size,  15  mm;  firm;  dense;  moist 
m;  moderate  reaction  with  HC1 ,  (CL) 
'.OCEfir.   -   FORT   TMION   FORMATION   - 


SF.TT1HEI    BUTT"    MEMBER 

13.3-31.5'  vv:rw  MTTs-hW:  fine  san, 
weakly  calcareous,  laminated,  horizom 
bedding;  tan;  soft,  crushes  with  lighi 
manual  pressure;  tnoderately  weathered 
20.0  ft,  lightly  weathered 
core  lengths  to  2.1  ft;  moist. 
31.5-44.0'  SHAL?:  shaley,  waxy  when 
lightly  calcareous,    fissle  E: 


tt; 


I7.0-* 


■  ft. 


oft 


;   wit  I 


1-5  3.1'  = 


'   SAWSTOSF:      flm 


occasional  small  pyrltic  concr 
gradatlonal  upper  contact;  gra 
hardness,  crushes  with  moderat 
pressure;  core  lengths  to  1.4 
53.1-57.5'  SHAL?:  shaley,  waxy 
when  cut,  weakly  to  moderately 
ous.  laminated,  gray;  core  len 
2.0  ft. j  moist. 
57.5-79.1'    Sll.TY   SAHnSTIMF:      f 


v.t,.r. 


tlC    < 


:,  crushing  with  light  manual 
cemented  and  hard  from  78.1- 
ore  lengths  to  1.5  ft;  moist. 
SHALE:      waxv   sheen   when   cut, 


;    dark   gray;   moderately 


Botdorf   -   Geologist 
•  Top   H   ft.    logged    in    Inch   breaks. 
All    soil   colors   moist. 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


H0  DH-82-11 
,  .11-3-82. . 


..t-.  .1.58  ft..,.  A..  1.0.3.  H.C 


:.  Hprth  PakMfl. 
>mz  )   Vertical  . 


depth  1.5.8.  ..<1  Xt. 
.an   0.0-10.0   ft. 
r.£  .10.0.-15.8.0  ttLO 


ip.3.0 
nted 


gray;  medium  hi 
ness,  breaks  along  bedding  planes  w: 
light  manual  pressure;  core  lengths 
0.6   ft.,    badly   broken   and   washed   dui 


2.3-113.1' 

S.V.'T. 

SILTST0NE: 

1 

1  ■.■    f  !'■„■     ■;  i 

iller   repo 
shing   away 
3.0-131.5' 

hard 
SILT 

ff    to   light 
from  102.3 
ery   soft   wi 

SAMDSTflNE: 

:akly   calcareous,    laminated, 
horizontal   bedding;    gray;    medium   hard- 
ness  below   123.0   ft.;    lengths   to   0.9   fi 
poor  recovery  above  123.0  ft.;  moist. 
Driller  reported  material  was  very  sofi 
113.0  to  123.0  ft. 
1_._!     '._!  I3.Q'    ,  •  >■,_[  ;       shale  ■.    plat 


e  recovery;   dry 

I  _  'i-t  SH  .  :-i  ■     <  I!  TV    SjVJnSJ-'VF  ■ 


lented;   driller  repoi 


i   Westman   -   Soil   Sci. 


:lamation  evaluation 


GEOLOGIC  LOG  OF  DH  82-103 


_£MRC£WGH technical  approval. 


883  |  1305-600-395 
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CASING  RECORD 
Depth(Ft.)  Date('82 
0-22.5        2-11 
0-20.5       2-12 


oss.   Pulled  ui 

PfiOCRESS   RECORD 
Dep.cMFt.)    Date' 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Set- 

0-35.0 
S. 0-71.0 
1.0-101 

101.0-13: 
131.0-15 

151. 0-23: 
231.1 


2-1 


0     2- 


1.0-276 
276.0-303. 

Equip. Froze  2-27 
303.8-332.5  2-28 
lole  Compl.  3-1 
3-2 
HOLE 


<a.  Chipped  : 
m  tires  and  t 
.      Moved   off  hoi 

ded  rods  and 
ed    to  Willis 

-a  2 

kfllled   hole 


nit. 


put    It    in   top  3.( 


c 


,m% 


HC1   r 

cactlon. 

122.2 

-133.3'    -   CLAYFY   SANDSTONE: 

Brown 

;  moist;    firm   (cuts  easily  w 

i  Lghl 

knife   pressure).      Faint   hor 

tal   ] 

aminatlona.      Slightly   lipnlt 

Trace 

gypsum.     Very  weak  HC1   reac 

11). 

-161.0'    -   SANDSTONE:      Brown 

Oxldai 


Posslb 
185.3- 


8.5' 


■   SHALE:      Gray;   moist; 
:h  moderate   knife   pressi 
.scernible.      Locally 
:ic.     Waxy-smooth  lustri 
^ntonttic?)     Very  weak 


ts  with  moderate  knife  pressu 
nt  horizontal  bedding  present 
oth    lustre  when  cut.      Becomes 

(0.1'    layer)  at   171.4*. 

bentonitic   (green)   at  178.5' 

91.5'    -   LIGNITIC   CLAYEY   SAND- 


Gray;  moist;  firm  (cuts  with 
!  knife  pressure).  Prominent, 
.early  horizontal  llgnitic  lami- 
;  throughout.  No  HC1  reaction. 
96.5',  -  SHALE:  Gray  to  green; 
:  knife 


:)  .      Very   faint  hor: 


firm   (C. 


(cuts   with   light    to 
fe  pressure).      Horizontal! 
cally  crossbedded,    thin   llgnitic 

present    from  202.0  to  218.5'. 
bedded   gray   shale   present    from 
01.0'.      No  HC1  reaction. 
31.5'   -  SHALE:     Gray;  moist; 


Ife 


Very  fain 
laminations.      Waxy-smooth   lustre  ■ 
cut.      60°   Jointing  at   approximate 
5.0'   centers.     Llgnitic  from  224. 
225.0'.     Very  weak  11C1  reaction. 
231.5-235.V_-   SILTY   SHALE:      Gray 


oft 


firm   (ci 
weak   HC1   i 


re). 

4-245.9'    -  SHALE: 

■    faint   horizontal 


asily  i 
tlon. 


zxtix. 


GEOLOGIC  LOG  OF  DRILL  HOLE 


.  .75.'.  H..  A  150.'.  W...  Pf.  i 
.  X:  ,L58.  K-...  P...  1A2.  W... 
3-2-8?        depth  of  ovt 


63.0 
68.5 

76.0 
76.2 

78.0 
78.0 
78.0 
-Ray   Sample: 


..5-6 


4.0* 


5.      117 

7.      170 

8.      189 

9.      191 

L0.      207 

11.      228 

13.      240 

14.      247 

16.      271 

17.  292 

18.  322 

5-107.5' 
0-118.0' 
0-129.0' 
0-171.0' 
0-190.0' 
5-192.5' 
0-208.5' 
4-229.3' 


5-266.5' 
0-272.0' 
3-293.3' 
5-323.5' 


:z~a 


237.9-233.9'    -   CALCAREOUS   I 


245.9-263.2'  -  CLAYEY  SANDSTONE:  Cray: 
moist;  firm  (cuts  with  easy  to  moderat. 
knife  pressure).  Faint  horizontal 
shaley  laminations  present  (very  shale; 
at  upper  and  lower  contacts  -  gradatioi 
al)  .      Locally   somewhat    llgnitic.      Ho 

263.2-267.9'    -   SHALE:      Gray;    moist;    fii 
(cuts  with  moderate  knife  pressure). 
Very    faint   horizontal    laminations.      Wa; 
smooth   lustre  when   cut.      60°   Jointing 
at   approximately    12-inch   centers.      No 


.1-265.5' 


Black;   molsi 


■   CLAYFY   SANDSTONE:      Gray 


olst;    firm   (cuts  wltl 

orlzontal    (locally   crossbedded)    lignl- 
lc  layers.     Lower  contact    is  grada- 
lonal.      No  HC1    reaction. 

274.4-275.5'    -  CALCAREOUS   SANDSTONE: 


al    lamination! 


60° 


jointing  at   approximately   30-inch 
centers.     Cradational   upper  contac 
Sandy   from  290,0   to   293.0'.      Drill 
notes  coal   from  296.1    to  297.0'. 
299.2-30S.8'    -  COAL:     Black;  i 
horl; 


,-.ls 


la 


ard  (easily  broken  1 

'  -  COAL:  Black;  i 
F  HOLE  AT  332.5". 
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BED       See    Notes                                            LOGGED  BT  203-291 .  5  '    F.Caln.imWiOG  REVIEWED  BY 

D"LuSc'cH0H?mo« 

mFe 

if 

««.»wcVto   ..°oVt 

i|| 

ll 

|s 

"J 

°'""    "«" 

I 

: 

.». 

,. 

Drill    Rig 

30- 

LOO 
100 

1  10 

]•'■>'■> 

1 01  1 

02 
0.7 

2.» 

2177.5 
2175.0 

2136.6 
2135.9 

2192. f 

30- 

39!*- 

93.0 

,:    ■      ,-. 

0  to   10   feet    (colors  are  moist): 
Parent  Material  -  Glacial  till  over 

Damco    1250   truck 
Driller 

M.M.    Hermanson 

Method 

Bx   casing  drive 

from  0   to   39.5'. 

Hq  wireline  core 

from  39.5   to  291.5" 

Driller's  Comments 

—2.8     7.5 

0-8  inches   -  Loam;    10  YR  4/2;  noncal- 

#5 

~39.5 

39.0 

8-33   Inches  -  Clay  loam;    2.5  Y  S/2; 

strongly   calcareous. 

33-90  inches  -  Clay;    2.5  Y  4/2;    slinhtlv 

calcareous. 

90-120   Inches  -   Sand;    2.5   Y   4/4;    noncal- 

1-26-82:      Move   equi 
from   Bismarck   to 
Hllliston. 
1-27-82:     Move  to 
Hanks   Study  Area   an 

Severe  wind   and   sno 
for  3H  hrs.;  visi- 
bility near  zero; 
ild   not   get   hole 
started. 
1-28-82:     Worked 

started.      Serviced 
rig.      Exhaust    froze 
up  with    Ice   from 
storm.      Set    up  and 
started  drilling. 
L'sed   no   water. 
1-30-B2:      Barrel 
blocked   and   washed 
sample   from  49.1    to 
58.0'. 

J-2-82:      Tern.    -20°F 
took   3  hrs.    to  star 
equip.      Lost   bottom 
!   ft.   of  core  from 
183-193'.      Lost  and 

from   193-203   — 

i-3-82:     Tem.   -30°F 
Jlth   wind.      Didn't 

jntll    1:00   p.m. 
Mfflcult    obtaining 
;ater.      Lost  and 

(disturbed)    from 

'03-213'. 

J-24-82:     Returned 

lole  from  lOfl   to 
!13'.     Some  caving, 
»ut  mostly  tight. 
.ost   core    from   213- 
123'    and    recovered 

Notes:      33-90"  -  glacial   till  with  about 
5   percent   small   gravel;    90-120"  - 
weathered  sandstone,  mostly  flne-siied. 
Iron  stained;    glacial   till   contains 
numerous   small    lignite   fragments. 

PALE0CENB:      FORT   UNION   FORMATION, 

122. 

SENTINEL  BUTTE  MEMBER 

10. 0-39.0'    SANDSTONE:      Rustv  brown   to 

*0- 
Hq 

- 

light   brown;  moist;    loose;    fine-grained; 
bedding  not  discernible;    no  HCI   reaction 
39.0-39.5*    COAL:      Black;    moist;    soft; 

| 

crumbly;    highly  weathered. 

39.5-48.6'    SILTY   SHALE:      Grayish   brown 

to   43.0';    medium   gray  43.0   to   48.6'; 
moist;    firm   (cuts  easily);   bedding  nearl 
horizontal    to   45°;    bedding  dips   about 
20°   below  45';    no   HCl   reaction;    core 
lengths   to   30". 
48.6-49.1'    COAL:      Black;   moist:    brittle; 

ra- 
ta- 

■ 

n  H 

-    i 

49.1-58.0'    SILTSTONE:      Sample   washed 

away;    driller   noted    gray,    firm   slltstone 
58.0-93.0'    SHALE:     Medium  arav:   moist: 

firm   (cuts   easily);    bedding  nearly 
horizontal;  moderate  HCl  reaction;    core 
lengths  to   32". 
93.0-98.0"    CLAYEY   SANDSTONE:      Medium 

fine   grained;    bedding  nearly   horizontal; 
98.0-100.0'    SILTY   SANDSTONE:      Sample 

washed   away;    driller   noted   sllty   sand- 
100.0-101.5'  COAL:      Black;   wet:   brittle: 

101.5-136.6'    SILTY   SHALE:      Medium   nrav: 

moist;    firm   (cuts   with   slight   difficulty 
laminated  with   some   sandy   crossbeddlng 

uous  coal   lenses  k-H"  thick;  most  beddin 

:     '    ' 

"_-- 

core   lengths    to   20". 

136.6-138.0'    COAL:      Black;    wet:    brittle- 

s 

TtH)     bottom  0.4'    is  very  ahaley. 

c. 

•  =  X-Ray 
page   3. 

E    t  P  L  AM  A    T  ID 

1/   Soil    Scientist 

I'.'.. 

::s: 

•fp 

.:£• 

Wi- 

ir-n 

.■:: 

*  Top  10  feet   logged  using   Inches. 
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Study    Site  PROJtCT 

85.'   N...  f.  ,*275\  E,   of.  S.W..  Con 

S.,  .     15,     T.     157    S.,    8.     1 01    H.t 
DSPT 


equipment    and    : 


It E.VI 

samples   to 

23.0 

ft.    Set   6"  Cs 

to  3 

0   ft.      Cleaned 

hole 

.0  ft.      Con- 

d  Bx  Cs  drive 

to  45 

.0  ft.      Hq 

wire! 

to   91 

.0  with  30 

perce 

nt    water    loss. 

■      - 

82  Hole  at 

90.0 

ft.      W.L.    at 

27.0 

ft.      6"  Cs  at 

3.0  1 

Hq   wl 

rellne   to 

17A.( 

ft-      Driller 

mil 

loss. 

10/8/82   Hole  at 

174. ( 

ft.      W.L.    at 

61.0 

[t.      6"  Cs  at 

3.0   1 

Hq   wl 

reline  from 

- 


111.''' 


nx;- 


i 


0-  -y—r 


(1  to  10  feet**' 
Parent    Materia 


0-11    Inches   -   Heavy   loam;    very   slight 

effervescence;    10   YR   4/2. 

11-28    Inches   -   Heavy   loam;    strong  effc! 


ence:    2.S   Y   4/4. 

is  -  About  St  small  and  medium  i 
el  in  0-11"  zone:  till  is  mass 
m  28"  and  contains  numerous  in 
ns,    lignite    fragments,   and    Urn 

I-14.Q'    SANDY   CLAY    (GLACIAL   TIL1 


35!    predominately   f  li 
rse.    subangular   to   • 
d;    approx.    551   fine! 


oxidized;  raoi 
hips  of  ligni 
ion  with  HCl  ; 


1.. 


■    CI  AY     i 


approx.    651    fines  with  medium   pla 

medium   toughness;    approx.    301   pr& 

sand;   approx.    VI.   fine,    subrounded 
gravel;   maximum  size,    25  mm;   soft 


lei 


hips 


wilt:     h 


r.\]  l  n.  !■■:;[■    . 


N  in1 


(CH) 


ISEHTIHEl   BUTTE   MEMBER 

.0.7-51.. 0'    ~SI1.TY    SANPSTOS'F:       fine 
•rained;    fines   have    low   plasticity, 

|weakly   cemented,   non   to   ueakly   calcare 
;,    laminated,   horizontal    bedding; 

moderately  hard  from  50.5'to  50.6 
,  black  woody  lignite  from  51.0  to 
0  ft.;  brown;  soft;  moderately 
thered  from  41.2  to  41.6  ft.;  core 
gths  to  1.1  ft.;  vertical  closed 
I joint  from  42.2  to  42.6  ft.;  60"  tight 
;~:.Btc   partly   open   with    tan   oxidation   at 


'   Top   10   ft.    logged 
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)CATI0N?>.'    f.'.i'.'my    E-    »f    S.»,    »" 

Sep,.J5,.T,.J>?.r',,.P,.lPl.r'.< 

NI1HE0       LO/B/M  DEPTH  OF  OVEP-BUPOEH 


EV.  .  .  2D9(t.0.'.±.      .  on 

•.--.-.-     SffTti.  ?5J,P.  f  t, 

ttnan   0.0-10.0   ft. 
dprf    Jp,p-J54,0.  lEi0 


I 


fe 


t 


HI: 


grair 


ill  pyrite  inclusions, 
to  67.0  f t . ;  gray;  sol 
t  weathered  from  56.5  I 
ind  57.0  to  57,1  ft.;  I 
)   1.7    ft.,    breaks   aloni 


plai 


COAL:      lai 


1   SANDSTONE:      f  i' 


Of    ! 


al- 


bedding,    llgnitlc   sandy   streaks    from 
30.0  to  82.0  ft.;    gray;    soft   to  nedl 
hardness,    breaks   with    light   manual    pres- 
sure; core  lengths  to  1.8  ft.;   moist. 
82.5-134.0'    SHALE:     shaley,  waxy  sheen 


I 


M 


hen  cut,  noncalcai 
orizontal  bedding 
hell  fpele. 
o  106.0  ft. 
edtum  hardness;  ■ 
oderately  hard  cj 
ft 


lai 


ited. 


27. S  and   13 

34-137. 


hard    black   coal    that    Is 
g   bedding   planes    from   88.3   to 
114.8   to   115.0    ft.;   closed 

at   125.7,    126.3,    126.6, 
.0   ft.;    moist. 
LTY   SANDSTONE:      large 
plastic    fines,    fine   grained 


1st,  gray 
oken  by  dl 
5. 9-152. 01 


;  fim 


ahal  e 


soft 


medium 
Oft.;  i 
COAL:      i 


Lanli 


ale. 


laminated;    gray;    soft    to  medium 
hardness;   core    lengths   to   1.5   ft.; 

d   70°   joint    at    155.5   ft.,    closed 

65°   joints   at    154.0,    157.5,   and   163.7    fl 

joint    at    158. S   ft.,    50°   slickensidei 

162.2   and   162.4    ft.;   moist. 

■1-172.1'   SANDSTONE;      fine  grained 

h   silt,   weakly  calcareous,    slightly 

en ted ,    cross   laminated;   gray;   soft 


Plate   22 
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I    Stydy    SUe 
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.5ec..l5,.i,.i;; 

FINISHED  L0/8/8Z         D,PTl4 


.VertlMl. 


I 


w.'.-.kl  v 


shalely   from   185.0 
light   gray;   core   li 

loned  45°   Joint  at   1B5.7  ft.; 

nsllde  at    187.3   ft.;  moist. 

91.7-254.0'    SANDSTONE:      unifo 


>.D'    COM:      thin-bedded, 

;    black;    soft  ,    crumbly,    breaks 
Iding   planes;    core   lengths   to 
random   Inw  angle   sllckensldes 


mo  is  I 


ILTSTONE:   nonplai 


'  ft.;  bul 
2.1  ft. 


akly 
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to   133.0   ft.;    breaks   along  bedding 
plane;    medium   hardness;    rore   length: 
1.8    ft.-,   moist.      Clayey.    Sandy   Silt; 


SI  .  1-163.0'    SANriY    S  1 1  T_S  TONE  :       slightly 


163.0-193.7'    SAWnsTOHE:      uniform   fine 


moist. 

193.7-195.7'  SHALE:  wai 
ous,  scattered  small  pyi 
tions,   lignltic  strlngei 


ft. ;  moist 
19S.7-21B.. 


bedding  below  183.0  ft 
,hea  with  light  manual 
engths    to   2.3   ft. ; 


:   of   • 


sampled   and    bagged    in    the    field;    black, 
medium   hardness,    broken   up;   moist. 
Shale  from  203.0  to  206.6   ft.,   non- 
calcareous,    laminated   by    fine   llgnitlc 

zontal    bedding   plane   at    204.8   ft.; 

1.8    ft.  ;   moist. 

218.2-23S.0'  SHALE:  waxy  sheen  when 
cut,  nonralcareous,  laminated,  shaley 
lignite  from  222.8  to  223.0  ft,  233.4 
to  234.0  ft,  and  234.8  to  233. 0  ft.; 
gray;  medium  hardness;  core  lengths  to 
1.2  ft.;  20"  closed  joint  at  232.2  ft., 
random   low  angle   sllekensides   at    222.4 


rore  lengths  to  2.8  ft.;  moist.      Sandy 
Slltstone   below   237.0   ft.,   very   fine 
*and.    bedding   not    readily   discernible; 
wft,   .-rushes  with   light    finger   pres- 


■  tdnrf    -   Oeologisi 
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???4. ?"?*.???&, Area project.    HtfrW.  Cooperative.  Agreement 

nu   H,    ,n,  LOCATION.  1125!  .3.  .4    U80'  .5.  .of  .N.W.    Corner       iu    „HS   n,     . 

»•«-*«  .sec..n.,T..i56.B...e..i03.w?BOUHDEl-ev  "8;;T;-^         0I 


■rf. 10. 0^243. 0   ft 


J!"*  ■  318.2 

r 


I 


1 


.  .  North.  l?9kota  . 
>  Vertical 


itdorf    -   Geoloo 


Sand   Creek   Study  Arj 


sand    Creek   Study  , 
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Appttoveo- 
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ATu«e  .  s,\i\J  Cr«v.K  - 


N25AQ'.  5.  A  50'.  W...  of.  R.J..  &>.n 
JKec.  .12...  X..  J5.6.  Jt....  R  JPZ  R- 
■  1A-,1.1^B2      OEPT 


ROUND  ELEV     2180.-0'.    *  D 

.ft, DEPTH -2M..0  .f,L 


.  Ro«K  AakAt 
«  J    .Ver.t.iea.1. 


IT 


"._£  J  ■  i  ■  ■  ■  ■:■     '  ■  :  '.■  i 


All   colors   moist) 
1    -   (Uncial    till. 


2* -t,n    inches   -  Clay    loi 


2.S  Y  5/2. 
iches   -  Heavy   clav   loam;   i 
fervescence;    2.5_Y   4/2. 


Jotes   -   No   sample   recovered    from  0-24" 
lasslve   till    contains   about    ST   small    and 

italns,   and    lime   nettings. 

IO.O-30.6'    SANDY   CLAV    (GLACIAL   TILL): 


ledlun   Pla 


city,  high  dry  strength,  medium  tougl 
ness;  approx  301  predominately  fine  i 
coarse  surrounded  to  subangulor  hard 
sand;  approx.  IS*  fine,  subrounded, 
hard  gravel;  maximum  size  2d  mm;  fin 
dense;  mottled;  moist;  brown;  oxidlzi 
weak  reaction  with  HC1  ;  core  lengths 
3.S  ft.  (CI.)  glacial  erratic:  from 
20.0   to    21.3    ft. 

30.6-39.0'    FAT  CLAY    (GLACIAL   TILL): 
approx.    657   fines  with  medium  to  higl 
plasticity,   hluh   dry   strength,   mediut 
hich    toughness;   approx.    30!    fine   to 
coarse,   subrounded,   hard   sand;    appru: 


iunded,   hard. 


lengths   CO  2.2   ft.    (CH) 
PALEOCEHE  -   FORT   UTilOtl   TORMATION   - 
INEL   B1TTE  MEMBER 

shaley,   weakly 


39.0-49.0'    SILTY    ■ 


laminated ;    grav;    i 
s;    core   lengths 
ard,   platy,  blai 


SAHIH   SILTSTOHE: 


indy 


,    non   and 


la 


s  bedding  from 
5U.H  to  i!.u  ft.,  unconformably  over- 
lain; gray;  soft  to  medium  hardness, 
breaks  with  moderate  manual  pressure; 
core  lengths  to  2.0  ft.;  moist. 
59.4-65.0'    COAL:      thinly   bedded;   black; 


1  sand,  weakly  < 
iss  bedding,  sai 
t.  and  102. 0  t< 
medium   hardncsi 


10   ft.    logged 
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HR   Corporative  Agreement       HATE.     ,Nor^h    nakot 

joelev    .2180.0:   + o\r  (angle  from horiz  y   .YmiMl 

-TT— --      DEPTH.  ?H,0.  ft.    BEARING.-  t:-t    —    --- 

*Westman  0.0-10.0  ft. 

.Botdorf.  10. 0r263.0,  ft  .LOG  REVIEWED  bt        


1 


I 


sides   at    I 

104.0-137. 


.3  ft.   ai 

'    SHALE: 


I   83 


ccaslonal  pea  size  pyrl 
amlnated;  gray;  soft  to 
ess;  core  lengths  to  1. 
andstone  from  112.5  to 
24.8   to   131.2   ft. :      fin 


i    fine: 


ital    beddin; 


sakly  i 


with  moderate  manual  pr. 
lengths  to  1.7  ft.;  mol: 
137.4-145.9'  COAL:  mos 
pled  and  bagged  In  the 
soft    to  moderately  hard 

145. 9-170'    SHALE :      weak 


ft.  ;   moist. 


not  readily 
,  gradatlonal 
rdness,   breaks 


.    and   grades   to   shali-y    s.indst  ■ 

8.0   ft.;   gray;   medium   hardness 

o  1.8   ft. ;  moist. 
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cratiye   Agreement         .  STATE     North.  Dak. 

2)80,0:.± o\r  (ahgle  f*oh  HORit  y   .Vert* 


-  — —      DEPTH. ?$?iQ. ft.  BEARING. 

*Westman   0.0-10.0   ft. 
Bptdorf.  10, 0-263.0.  ft. log  bevie-ed 


I 


i 
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N.45p.'.N...6.  2S'.E,.pf.S.1J.   Cpi 

,    11-18-82         OEPTHOF  OVEBBURDI 


■.— — .  DEPTH  250,0.  ft. 

*Westman   O.O-10.O   ft. 
Bptdorf  1D..0.-25B.0.  ft  4. 


I 


gray;   soft    to  medium   hardness,   crumbling 
with  moderate   manual   pressure;   core 
lengths  to  0.4   ft.;   random  low  angle 
Irregular   slickenslde*  •    mM«. 
76.0-151.6'    SAHDSTOHE 


mted,    horizontal 
.eddlng  with   lignite   stringers,   cross 
.odded   below   123.0    ft;    gray;    soft, 
:rushing  with   light   manual   pressure; 

151 .6-163.8'    COAL:      platy;    black;   medlui 
.long  horizontal    beddii 


length 


i  light 


Lily  brok 


78.9    ft.;    grades    int. 
alcareous,    laminated 

;ray;    soft,    breaking  i 


184.0-194,6'   SI 


f   SANDSTONE:      fl 


150- 

I 

1.8    ^~ 


i«i=s 


tontal    bedding ,    gradat lonal    upper 
ict,   shale  with  fine  shell    fragment 
:ropod?)    from   188.4    to    189. S   ft.; 
;    soft    to  medium  hardness,    core 
areaks   with  moderate  manual    pressure, 

lengths   to   2.7    ft. ;   moist. 
194.6-210.0'    SILTY   SHALE:      sllty, 

i  cut,  laminated  by  weak], 
Ity  fines,  gradatlona!  uppe 
lorizontal  bedding,  0.05  ft. 
ik  at  202.2  ft.;  black,  hard 

to  209.5  ft. ;  gray  medium 
core  lengths  to  1.5  ft.;  mo 
.5'    SANDY 


my 


213.0    ft 
alcareoi 


sandy   below   213.0   ft 
•'lenai 


weakly   cemented,    noncalcareous,    lightly 
laminated  ,    gradat lonal    upper   contact  ; 

emented    in   places   and   hard    from   221. 's 
:o   222.0   ft. 
J22.0-229.61    SAHDSTOHE:      fine   to  medium 

i,   noncalcareous,   horizontal    bedding 
Ls   not    readily  discernible,    banded   by 
tic  stringers   from  227.3  to  227.5 
gray;    soft,   breaking   with   light    to 
.,.-    manual     pressure-;    mr,-    lengths 


GEOLOGIC  LOG  OF  DRILL  HOLE 


. Sand. Cteelj. Study  .Ace; 


QptMttYe.ABteeBerji 

232Q.Q"  .+  ...    .   Dl 

oipth. 258.0. ft 

Tf   10,0T256.0.ft.L< 


e*_ 


m 


rr 


228.  f 


0  ft.;   60B  closed  join' 

-237.0'   SHALE:      shnley.  waxy  i 

cut.   vi-akly   calcareous,  lamin. 

m   231.1  to   23 


lengtl 


ft.  :    coal    from 

bedding   planes 

45°  slickenside  at  236.6  ft.;  moist 
237.Q-238.9'  COAL:  black;  hard;  coi 
lengths    to   0.3    ft.,   mechanically   bn 


233.9-239.9'    SANDY   SHALE:      sandy,   weakl; 


■   lengths   to   0.' 


Re: 


Sand    ['"r-teV    Studj    i 
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GE0L0GIC  LOG  OF  DRILL  HOLE 

SHEET          \     .OK..?.... 

feature  .  Sand  .Creel. 
HOLE  HO  .BHIU-UO  L0 

Study.  Ar.ua  .      . 

CATION  .5.0'    ,•*.    A, 

ROJECT     WJWIRCOO               iveAar^t.                                      iTATE       NftTtiv  itakftt* 

0'  £..  jjf.  SH 
.1.5.5  N....  .R... 

^[['V  GROUND  ELEV      2ZL5  .1'.+ .  .               DIP  (ANGLE  FRO*  HOHll  >    .VW*ioa4 
RBUROEH          -—                     DEPTH.    252.0'           BEARING.                                

LMIHAND  LEVELS 

¥ 

Is 

""i1^;"1'1'1 

HCMmuein  '."in 

ill 

ll 

P 

%J 

KPTM  trier) 

f 

\\ 

PR.. 

TO 

Drill 

DAMcn  Model   1250 

Driller 

M.M.   hVrmanson 

Method 

Bx   casinR   drive 
samples   0-52'  .      Ilq 
wireline  fore  62- 
252'.     Water  and 
Revert   used   as   dril 
fluid,      lost  appro* 
4+  gpm  during  drill 
tng   most   of   hole. 

1 
I 

H 

0.0 

#3 
3.5 

675 

15 

32.0 

r«o  fo 

select 
320    ft 

This  v 

J6 
15.0 

60.5 
(!8 

74.9 
7979 

9370 

| 

sam; 
ults 
der  1 

les  ue 

nnel  b 

he  dir 

2154.8 
2152.8 

2143.5 
2137.0 

118.5 

30- 

low     " 
40- 

so- 

60.?* 

71.5  : 
78.0  : 

■0-^ 

82.0   ■ 

90- 
96.5  " 

A 

/ 

/ 

< 

0  to   10   feet    (all  colors  moist): 
Parent   material    -   Olacial    till 

10  YR   3/2. 

6-42    inches   -   Heavy   clav   loam;    stronRlv 

calcareous;    2.S   Y    5/2. 

42-78  inches  -  Sandy  clay;   slightly 

6.5 
10.0 

34.0 
ot+  r« 
ed  by 

f  BLM 
47.0 

uses  ( 
hat    CI 

nmpli* 
Servic 

USBR 

ould   t 

calcareous;    2.5   Y  4/2. 

78-120   inches   -   Sandy   clav;    slUhtly 

H 

1    ' 

calcareous;    2.5   Y   4/2. 
Notes:      Distinct    calcic   zone   6-42"; 
uniform   till    from  42"   to   120";    till   tone 
has  visible   salts    segregated   along 
drainage   paths    (I.e.    -   pore  walls);    abou 
51   pravel   of  mostly   small   and   medium 
size   In  till   zone;    iron  stains   (mottles) 

10.0-60.2'    SANDY   CLAYiCLACIAL  TILL): 

» 

LOO 
L00 

None   used. 
Progress   Record 

Depth               Date 
0-35'              8-29-81 
35-103'           R-in-Ri 
103-142'           8-31-81 
142-232'          9-1-81 
232-252"          9-2-81 
Hole   Completion 

approx.    70S   low   to   medium  plasticity 
fines;   25S  fine  to  coarse  sand;    51  sub- 
angular   to  subrounded   (travel  to   1"; 
moderate    to   strong   HC1    reaction;   brown; 
damp   to   moist;    some   small    lignite 
inclusions.    (CL)    to    (CL-CH) . 
PALE0CENF   -   FORT   I'M  I  OS   FORMATION  - 

Backfilled    hole    wit 
Hater   Levels 

Not   nMnlliaed- 
Depth              Date 
6.2'             8-30-81 
58'            8-31-81 
27'            9-1-81 
104'             9-2-81 

SENTINEL   BUTTE   MEMBER 

60.2-62.2'    SANDY   SILTSTONF:      lldht   brown 

moist;    crumbly;    laminated;    strong  HC1 
reaction;    bedding   nearly  horizontal; 
core    lengths   to   18". 

60.2-60.4'    LiRnltic    Zone:      block: 

weathered;   soft ;   earthy. 
62.2-71.5'   SILTY  SANDSTONE:     brown; 

1  i[ 

62.5  ■ 

-  - 

-  - 

ible;    core   lengths   to   6". 

71.5    78.0'    SANDY    SILTST0NF:      brown; 

9S.0 

moist;    firm;   cuts   easily  with   knife; 
moderate    to   strong  HC1    reaction;    bedding 
not   discernible;    core   lengths   to   12". 
78.0-82.0'    SILTSTOHE:      rustv-brown: 

J 

„ 

moist;   cuts  easily  with  knife;   iron-rich 
concretions  near  top  and  at  81.3';   stron] 
HC1   reaction;   bedding  not  discernible; 
core    lengths   to   6". 
82.0-96.5'    SILTY   SANDST0NF:      brownish 

— 3 

gray;    moist;    soft:    crumbles   easily;    fine 
grained;   strong  HC1   reaction;  bedding  noi 
discernible;   core  lengths  to   24". 
96. 5-111. 0'    SANDY   SHALF   AND  CLAYEY 

w 

1 

SANDSTONE:      grav:    moist;    cuts   easily   witl 

knife;   alternating   1    to    2'    thick   layers 
of   sandy   shale  and   clayey   sandstone; 
strong  HC1   reaction;   bedding  nearly 
horizontal;    core   lengths    to   36". 

I 

c. 

*»X- 

E  X  PL  AN  A   TIOH 

Ray  <J 

iffra 

on   pa 

ction 
g«  3 

?.::::• 

"if: 

# 

-JtUSt?  ... 

*  w 
p 

estman  -  Soil  Scientist 
arlsh  -  Geologist 

sp    10    feet    logRed   using    inch   breaks. 

\"M  .WisH  .Study,  .i 


1> 



GEOLOGIC  LOG  IF  DRILL  HOLE 

SHEET  ..?...  Of.  ..) 

FEATURE 

.  s.and   .Creejt    Stu(iy.  ArPP PROJECT        Hl.H-r.R-  Cooperative.  Aj-reeme 

ate    CPFPh  Dakota 

HOLEHO.  JWJ.-J10.  ">»"•»•  IK-.  V,*T?°i$f"il?M?'  f8l"5fo«01"'-  '-LEV    .  Z2J>-0.'± C 

IP  (MiQLB  FRO 

xnotizi    vpFtlcal 

»E0UH 

8:2?-.8.l     FINISHED         iSr/V8)        DEPTH  OF  OVERBURDEN         DEPTH     252.0* 

BEARING.  . 

"EEWl*!! 

ELEV    OF  WATER         ...    u "Uestnan.  0-10.0' 

OG  REVIEWED 

r 

> 

■OIL!    t,Ul»ll 

IUtTAIIL.TT    'OK 

i   p   I    rp 

!   1 

c.'mo'c 

E°.V»TU.C 

■'"', 

Sc 

lih    st 

h 

CL 

A«,F,CAT,0NAH0 

DEPTH   IFHT1 

u 

5 

(*) 

3 

--Z 

| 

** 

^ 

k- 

Ilu 

■ 

7.3-237.5'    ( 
3.5-243.7'   ( 

oal:      black;    brittle. 

] 

1 

• 

H 

>. 3-252.0'    ^ 

o   recovery  -  driller 

shale. 

210- 

'/A 

210- 

t.t: 

2002.0 

213.0 

-—.* 

\ 

zz: 

zao- 

1991.5 

a  2  i  .  s  .j— 

:    loo 

1          ■ 

AvuCd             ^pH 

230-     U!^_ 

1 

1984.7 

238% 

:  „ 

;     loo 

019 

'//, 

- 

'//, 

?*0 

•//, 

240- 

J42.0 

243.0 

/// 

ion 

/// 

■ 

zx- 

1 

:=: 

J 

sample 

Diffra 

ction 

2«- 

30.0- 

31.0 

68 

1.1- 

&9.0 

79.9 

?7G 

90 
L09 
130 

S- 
8- 
5- 

91.5 
110.4 
131.0 

?;o- 

152 

152. 6 

173.6 

. 

184 

5- 

185.2 

ZMt- 

!0b 
!16 

0- 

206.0 
216.5 

2BO- 

: 

!33.0- 

J34.0 

Z9Q- 

Z«J- 

EXPLANATIO 

!     *Westman 

-  Soil   Sclc 

ntist 

Qffflf 

Parish 

Geologist 

I 

T         ,  u                                     ,  .  „,_.                     ,„ lh.,    c  .  „.„               "Top    10 

eet    logged 

using    inch    breaks. 

■  core 

*ppV.'o.r.''. .i h.i. o E.vrvv- Cm  i?T'Tt:- c*  \*°iTi o!"'h.*- *■ 

£";". ;:".",' ,"::.;'.";.".. .  1:  ■'!> ><    !::!!!-.    Sri!!    !::!!!■ 

Sand   Creek, Study 


.3..  hole  no  ma.i.-.LiQ  . 


GEOLOGIC  LOG  OF  DH  81-110 


'I  1305-600-402 


Plate   27 


GEOLOGIC  LOG  OF  DRILL  HOLE 


«w„ 

...... 

GEOLOGIC  LOG  OF  DRILL  HOLE 

SHEET    ..3           OF           J 

FEA 

URE.   Sand.gr??k.5tudj   A^a PROJECT 9W-BR  .Cooperative  Agreeine-m                  iT*T 

e.     North  Dakota    . 

HOL 

.-     DH81-1H  location  1"     ^'M    .W. .  .of   SK  Corner                           -n-ji.. 
NO.  .¥??i.**4                       Sec.     15,    T.    155   N.,    R.    1 02    wP«Ouho  ELEv    «?7    t                         dip  M«ct.£  faomw 

ami,     Vertical 

BFG 

M..HW1..   FINISHED    .  .9-H-91        DEPTH  OF  OVERBURDEN     DEPTH         W S°\       BEARING 

"B 

*Westtnan   0-10.0' 

ASSSmSw 

.::;, 

S3 

MeOMTWeVlD     MOfltl 

|l| 

II 

!§ 

§J 

«"■  IFKT1 

jj 

i 

ro 

'// 

m 

201.9 

118 
E14.7 
H9 
!19.5 

203.9 

216.3 
221.5 

1 

2021.0  ...         - 

E5 

i'ic 

u. 

Avoco          ^^M : 
zih'.oL'it^tM 

2014.6    212.4 

SI 

ZOlrf.O 

217. 0! 

JL 

1 

2009.5 

217.5 

ff|l 

1 

y// 

227   0" 

rzz 

— 

* 

J;Jj> 

Diffiaction 
es  talen: 

• 

■ 

lu.n- 
30.6- 

11.1 

31.5 

47.8-48.4 

JO- 

52.0- 
59.4- 

53.0 

"" 

: 

64.2-64.8 
89.3-59.9 

95.0- 

35.8 

L07.5- 

10H.1 

L26.0- 
L43.0- 
L73.0- 
:95.7- 
"03.8- 

126.8 
144.0 
L74.0 
196.7 
!04.3 

60- 

'22.5-323.2 

70- 

-i 

.. 

. 

- 

■ 

IRE 

EIPLIH1    T    1  0 

estman   -   Soil    Scientist 

*   H 

1 

Parish     -  Geologist 

£"!".  5."°(   ".'.«,  i«",."J.)    E.  .  1   ?)   14",    A.  .  2-1   A'1          B.  =  27  I",    H.  .  J-I-I" 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


Sand   Crock   Study    , 


Vertical. 


*Mestman   0-10.0' 
by    "I't^f  10-0.-181-2.'. 


DAHCO  1250  truck- 
mounted  . 

Driller 

1.H-  Hermanson 

9/3/81    Set   up   rig 

on   site. 

9/9/61  Finished  r 
let  up.  BxCs  drl 
lamplea  from  0.0 

10.0'.      Rotation 


iw   10.0'. 

let  <?  2.5'. 

9/10/81   Hole  J 

23.0'.     H.L.   i 

.0'.      BxCs  re 

tempted  Hq  t 


i  56.0'. 
9/11/61   Hole   is   a 
56.0'.      M.L.    at 
.     4Vi"  Cs  at 
i'.     Hq  wireli 
'  to  113.0'. 


IS 


loss    (10  t< 

m)   at   70.0'. 


55.2'.     4<j"  Cs  at 

21.0'.   Hq  wlrelln. 
113.0  to  162.0* 

r   loss  at  5-10 
gpm. 

9/13/31  Hole  is  at 
162.0.  4V  Cs  at 
21.0'.  Hq  virellm 
from  162.0  to  181.; 
with  little  water 
loss  below  162.0'. 
Pulled  W  Cs. 
Backfilled   hole  wii 


sand   , 
3.0'  . 


aluri 


z 


10   feet    (all    colo: 


:alci 


on  el 
■90  i 

90-120   inches    - 


Heavy   sandy   loam; 
eous;    2.5  V  5/2. 
Heavy   aandy   loam;    alight 
2.5   Y   5/2. 

-  clay  loam;    slight 
5/2. 

ted    through  matri> 
in   24-120"   zone 


se;  »24"  -   5-101  annular  (travel  of 
lostly  small   size. 
0.0-27.2    SANDY   CLAY (HLAC IAI   TILL): 


PAL F0CENE- FORT    I 


fine   subrounded 

trims  with   diffi- 
to  4.0'.(CU 

I   FORMAT ION- SENT I NEL 


SANDY   CLAY- 


STONE:  brown;  oxidized;  moist;  very 
slight  (IC1  reaction;  alternating  banc 
of   medium   plastic   shale  and   uncement< 

bedding;  firm;  hard  to  crush  between 
flutters;  occasional  nodules  of  sugar 
textured  gypsum  to  S" ;  core  lengths  t 
4.5';  soft  blue  shale  from  41.3  to  61 
42.0-46.0  SILTSTONE:  brown  to  gray; 
moist;    large   amount   of   fine   aand;   noi 


pla 


iced; 


ihed  > 


:  HC1   i 


53.0-53.8  SHALY  ( 


and  1 


moist;    shaly;  no  HC1   reaction;    hard; 
poor   lignite. 

53.B-55.2   SHALE:      blue   gray;   moist; 
slight  HC1  reaction;   compact;    firm; 
trims   with  knife   leaving  a   waxy   sheen 
core   lengths   to   1.4' . 
55.2-63.5  COAL:     black;   moist;   very 
firm;    sampled   and   bagged    in    field,   noi 
available  for  Inspection. 
63.5-64.8   COAL:      black   to   dark   brown; 
y;   poor  lignite;   core 


lengi 


moisl 


leaf  thin,  dark  brc 
rtings;  firm;  shave! 
.sulfide 


'  Top   10  feet    logged  by  inch  I 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Sand   Creek   Study   Area 

,  DH81-112    location. 1500'    N 
J Sec.   20 

?'Vfl!  FIHI1MED     .V.\  '/ftl 


'-132.5  SANDY  SHALE:  olive  green; 
;  slight  HC1  reaction;  firm;  fine 
shaves   easily  with   knife;    core 


.lid    i 


:  lei 


.  moisl 

i  0.5' 


134.3-150.2    SHALE:      light    to   medium 
gray;  moist;   slight   HC1   reaction;    firm; 
horizontal   bedding  with  occasional    thin 
lignite   partings   mostly   along   bedding 
planes;    plastic;    slick   and   soft    from 
134.3  to  142.6';   50     slickenslde  at   145 
core   lengths   to  2.0';  black;   platy, 
brittle   lignite   145.4-145.6. 
150.2-157.9   SANDSTONE:      gray;    moist; 
alight   HC1    reaction;   horizontal    bedding 


kly 


iiy 


i  knil 


cemented;  core  lengths  to  2.1 
lW.t-loO.O  SILTY  SHALE:  buff  gray 
moist;  weak  HC1  reaction;  horizonta: 
bedding;  trims  easily  with  knife,  1. 
a  waxy  sheen;  core  lengths  to  1.9*. 
160.0-163.4  COAL:  black;  compact;  i 
sampled  and  bagged  in  field,  not 
available  for  Inspection. 
163.4-174.2   SANDY   CLAYEY   SILTSTONE: 

y;  moist:  slight  HC]  reaction; 
light  and  dark  gray;  horizon- 
ssbedded;    fine   uniform  sand; 


.Sand. Creek. Stu< 


GEOLOGIC  LOG  OF  DH  81-112 


geology  _£_°.°J2°r*: held  am 

._    TECHNICAL 
APPHOVE0. 
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Plate   29 


GEOLOGIC  LOG  OF  DRILL  HOLE 


to  DH81-113 

.7/29/61... 


.10"    E. of.SU  Cornel 


.Vertical  . 


7/29/81.  Fail_._„ 
1500  drill  rig  use 
by  driller 
Robert  Shaw.  B\( 
drive  samples  to 
19-0  ft.  Rockbit 
)  to  23.5  ft. 
20.5  ft.  of  il 


:  at  23.5  f 
>/81.  HuCs 
i   ft.      BxCs 

10.0   ft. 


r,-lin, 


llq 


73.0   f 

during   drilling. 
Using   thick   Revert 
HwCs   set    to   50.0   f 
Hole  dry  at  start 
of  shift. 

Hole  at  73.0  ft. 
8/3/81.  HwCs  at 
50.0    ft.      Hole   drv 


to  87.0  ft 
Hole  i 


)  ft 


HwCs  at 
82.5    ft.      W.L.    at 
34.0   ft.      Hq  wire- 
E  87.0  to 
105.0   ft.      Lost 
all    drill  water 
100.2   to  105.0  ft. 
Repairs   on   equip- 


Hole 


105.0  ft. 


8/12/81.     HwCs 
82.5   ft.      Hole  dry. 
Hq  wireline  core 
105.0  to  182.0  f 
>  drill  water 


Hole  at  182.0  ft 
8/13/81.  HwCs  ai 
82.5  ft.  W.L.  ai 
109.5    ft.      Hq  wli 


feet  tall  colors  moist) 
laterial  -  Glacial  Till 
hes   -   Sandy   loan;   non-c. 


/ 


10 

YR   3 

-60    i 

Sandy  clay  ] 
Y   4.5/2. 

jus;   2. 

60 

-90  1 

Sandv  clay; 

sllghtl 

careous;    2. 

Y  4/2. 

'HI 

120 

Sandy  clay; 

Slight 

careous;    2. 

Y  4/2. 

nistin 

t  calcic   zon 

e  18-60 

120" 

till  z( 

ne  contains 

ibout   5 

vel 

f  most 

y  small  size 

dlsllnc 

t    Iron  stain 

s   (mott 

r.LAi  r,\i 

TILL    - 

PLEISTOCENE 

10 

0-16 

s    ■-AVi,-, 

CLAY:      tan 

ox 

dized;   active  HC1   reactl 

ut    601 

medium   plast 

tltv    f 

35 

fin 

5*  sub- 

tided 

GLACIAL 

niiTWASI 

-   PLEISTOCENE 

16.8-28.5   CLAYEY    SAND  AND  GRAVEL: 

slight 
plasticl 

28.5-72.6  SAND 


fines;    501    fine 


no  HC1    reaction;    about    101 
fines  and  907.   fine,   uniform 
cohesionless;   most   of   sand 
during  drilling    (SP-SM) . 
72.6-81.2   SAND  AND   GRAVEL: 

nonplastic 
sand; 

obtained 
coarse  sand- 
lean,  hard, 
sand  and 

INEL 

oxidized;    only   vagh   sample 

sized  particles;   probably  c 
fine   to   coarse,    subrounded 
gravel    (r,P). 
FORT   UNION   FORMATION   -   SENT 

BUTTE  MEMBER    -   PALFOfENT 

LIGNITE  WITH 

81.2-146.0   SILTY  SHALE  AND 

5ASPST0H1  ■ 


.3  t 


87.: 


87.2   to   87.3   ft 


Hi 


.anded.    Hgi 


shale  87.7  to  88.1  ft.;  hard,  2-in.-i 
limestone  concretion  at  86.8  ft.; 
lignite  100.2  to  105.0  and  105.4  to 
115.7  ft.;  lignite  118.6  to  119.5  ft. 
(upper  contact  is  irregular  60°  slid 
side);  tan,  calcareous  shale  125.0  t( 
125.2  ft.;  1  Inch  pyrite  inclusion  al 
bedding   plane  at    125.6    ft.;    laminate< 


;-Rav   diffraction   - 


tan    -   Soil    Sc: 


*  Top  10  feet    logged  i 


GEOLOGIC  LOG  OF  DRILL  HOLE 


7/w/s.i... 


Hole  at  263.0  ft. 
8/14/81.  HwCs  at 
82. S  ft.  W.L.  at 
132.4  ft.  Hq  wire 
line  core  263.0  to 
293.0  ft.  No  drll 
water   return.      Hoi 


light   and   dark    j 


men  ted 

,    f 

ne   grain   sandstone   126.0   to 

127.7 

tt. 

broken  lignite  127.7    to 

132.6 

ft. 

light    pray,    fine   grained, 

nted   silty   sandstone   132.6   to 

133.1 

Ft. 

sllty.    fine   grain,    uncemente 

i»?" 

one 

at   136.0  to   136.1  and   136.4   t 
light    gray,    uncemented.    fine 

sandstone  141.4  to   142.0  ft.; 

unceme 

nted,    fine   grain,    clayey   sand- 

142.0  to  143.3  ft.;    lignite 

143.8 

:o  144.0   ft.;   shale  below  132.6   f 

is   les 

60°   ca 

.clutn  carbonate   lined   sllckenslde 

at    10O 

.8   ft.;    scattered    slickensides 

at   various   angles   and   controlled 

bv   Ug 

nite   roots   ?    117.6    ft.    to   118.6    f 

80°    lr 

regular    (olnt    that   may  be   caused 

by  dri 

lling  at    145.5  ft.;   bedding   is 

nearly 

horizontal. 

146.0- 

.54.5   ST1.TY   SANDSTONE  WITH   SHALE: 

raostlv 

light    gray  with   dark   gray-black 

carbon 

aceous    laminations;    moist;    unce- 

mentec 

;    crushes   easilv  between    fingers; 

tlons  dip   5    to   10°;    slight    to   no 

action;   sand   Is  uniform  and   fine; 

away  during   drilling.      About   15X 

t    is   medium   gray,    firm   (trims 

easily 

with  knife)    sllty  shale. 

154.5- 

59.0   SILTY   SHALE:      medium  grav; 

moist ; 

firm;    trims   bv   knife   with   some 

dlff  ic 

ultv;   bedding  not   readily  discern 

oedium   to   high   plasticity;    air 

slakes 

159.0- 

.74.0   SILTY   SANDSTONE:      light 

noist;    uncemented;    crushes  easily 

be  twee 

a    fingers;    bedding   not    readily 

nible;    fine  grain;    uniform;    siltv 

tions 

173.0  to  174.0  ft.;   slight  HC1 

174.0- 

183.5   SHALE  WITH   LIGNITE:      medium 

gray; 

noist;    firm;    trims   by  knife   easll 

slight 

NCI    reaction;    banded    to   almost 

i   in   places:   medium  to   high 

plasti 

:ity;    lignite  178.7   to   179.1   ft.; 

ray,    plastic,    carbonaceous   shale 

r   slakes   readily   178.2    to   178.7 

and  179.1   to  179.4   ft.;   bedding  near 

ital;    50°    Joint   at    176.8   ft. 

183.5- 

98.5  SANDSTONE:      light    gray; 

o  wet;   sllty;   uncemented;    fine 

gralned;   uniform;  weak  HC1  reaction; 

is  black,    carbonaceous   lamination 

183.5 

to    184.5    ft.;    scattered   carbon- 

aceous 

laminations   185.5   to   188.0    ft.; 

Ja::iH 


KSpSItim 
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GEOLOGIC  LOG  OF  DH  81-113 


1305-600-405 


Plote   30 


GEOLOGIC  LOG  OF  PRILL  HOLE 


GEOLOGIC  LOG  OF  DRILL  HOLE 


10-260' 


I 


t 


I 


I 


hroughout;  weak  i 
eaction;  core  lei 
67.1'-67.5'   Coa! 


soft   clayey   siltstone 
■   horizontal   oxidized 
lignite   chips 


Stay  dry;  hard  (will  nol 
knife)  fine  grained;  sti 
J7.0'-a9.3'   COAL:     black; 


9.3'-98.2'    i..:  I A  V  FY 


d;  lignite  chi] 
laminations   tl 

'-96.2'  Shale: 
by  knife  with 
Jontal  laminat ; 
reaction;   core 

1  1  ■<  ■  '  '   _SHA[  F' 


:h  knife;    fine 
is   and   thin   hori- 

:  lengths  to  10". 
gray;   trioist :    ft: 


H  i  t  ■ 


106.3 

nl.-.r. 

pyrit. 


black;  brittle 


-109.: 


Coal: 


black;    scatten 
etions;    brittle;  breaks 
1    planes. 
7'-125.0'    LICHITIC   SHALE:      black; 
10  HC1 


thinly   bedded   at    top; 
reaction;   core  lengths   to  6";   45° 
llgnitlc    lined    joint   at    121.4'. 
118.5'-119.1'    Coal   with   Shale: 

119.5'-121.1'   Coal:     black;   bri 
platey   fracture. 
123.^ '-124. 3 '    Coal   with   Shale: 
brittle;    platey    fracture. 
125.0'-161.9'    SHALE:      light 


(dai 


t  base); 

Ifficulty  with  knife;    bentonieicC?)    i 
laces;    faintly  laminated;   weak  HC1 
eaction    (no   HC1   reaction    142.5  '-153.0 

133.4'-139.1"    Coal:      black;   dry; 

brittle. 

143.6'-150.7'    Coal   with   Shale:      blac 


wisi 


tie 


163.0'-163.3') 


ne-gralned ;  firm,  cui 
nife  pressure);  hard 
stone  from  163.3  to  164.6 

al   bedding;    (llgnitlc    lamina 


GEOLOGIC  LOG  OF  DRILL  HOLE 


liUmon.  Study,  I 


SoW^LfV.    .2160,0.'+ DIPfl 

..7rr? DCPTH.     »0.0.'..    1 

10-260' 


irfplc. 


260-  *  — - 


I" 


w 


f  928.1 


horlz 


:al 


>   la 


lal   hard   sllty  c    __ 
air  slakes;   45°  joint  at  173.5';   weak  Ci 

18.0". 

177.1-177.5'   Coal:     black;   hard;   dry; 

brittle. 
180.2-206.3'    SANDY   SHALE:      Rray   to  dark 

i    30* 


70°   joii 


,ered,    fi 

tedded   in  pla. 

llgnitlc   la 


?red  I 


ilaklnj 

tollshed  slicken 
slided  45°  joint  at  206.6';  weak  HC1 
reaction;    core   lenRths    to    21.0". 

186.2-187.2'    Limestone:      Rray;    hard 
dry;    f ine-grnlned. 
206.3-208.7'   LIMESTONE:      Rray;   dry; 

■lth  knife);   60°to  8 


firm,    (cuts   by   knife   with   dlfficu 
no   discernible   bedding;    moderate 
reaction:   core  lengths  to   3". 
212.B(?)-225.5(?)'    SANDSTONE   (?) : 


toted    sandstone    (fine-gr; 
uncemented.    washed   away). 
225.0-226.0'    LIMESTONE:      gray;    dry; 


ird    (scratches  with   knife);    fli 
226.0-232.0'    CLAYEY   SANDSTONE:      gray; 


...    by   clay); 
aminated    light    to   dark   gray;    slight 
IC1    reaction.      Some   firm  sllty   shale 

.ayers;    bedding   dips    from   0   to   10". 

232.0-243.3'    COAL:      block;   hard;    brli 


i,  .(■■  ■■•-.  V   --ha!  E: 


i   (c 


sediui 

lifflculty); 


eddlng  not   readily  discernible;  w..._ 
CI    reaction;    irregular  high   angle    join 
rom   251.0-252.0' 
243.3-245.8'    Carbonaceous   Shale:    dark 
gray;    plastic;    cut   by    irregular 

i.2"    Coal :      black;   hard; 


pla. 


-,■  fs 


247.7'    Clayey   Sandstone:      gray;    mols 

firm;    uncemented;    fine-grained. 
250.2-250.4'    Limestone:      gray;    hard 
(scratches   with   knife);    fine-grained 
250.8-251.9'    Carbonaceous   Shale:      me 
to   dark   gray;    moist;    plastic;    2"   li 


H'JIV  nc   ??rv )*■ 
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256.3-260.0'    CLAYEY   SANDSTONE:      light 
Rrav;   moist;    uncementtd    (bound   hv   cla* 

shale;   weak   to   moderate   HC1    reaction; 
bedding  dios   0   to   10°. 

259.4-260.0'    Calcareous   Sandstone: 


.fe);    fine-grained;   roodei 


■  reclamation 


GEOLOGIC  LOG  OF  DH  81-114 


1  UMiM 


'I  1305-600-406 


Plate  31 


GEOLOGIC  LOG  OF  DRILL  HOLE 


25'   W  of   HI-   rrrntr  '  St?. 


ft  .Norcl), Dakota 
ioiwz  j    .Vertical  . 


'ailing   Model   1500 
Driller 


11'    I 


led  as  drill    fl 
ill    fluid    loss 

111.0"  100 

0.0-180.0'  SO 

Casing  Record 
3.6'    of   6"   surface 
casing  in  hole. 
'rogress   Record 

0-54.0"       8-30^81 

i4.O-140.0  8-31-81 
140.0-180.0  9-1-81 

Pulled   surface 


sing, 


ckfilled 


100 

: 


w 


10  ' 


4/2. 


■  Sandy  loam; 
-  Clay  loam; 


alct 


32-53   Inches  -  Light  clay  loam;  non- 
calcareous;    2.5  Y  4/2;  weathered  shale. 
57-90   Inches   -   light    clay   loam;   non- 
calcareous;    5   Y  4/3;   weathered   shale. 
90-120   inches   -   silt    loam;    very   slightl 
calcareous;    2.5   Y   4/4;   weathered   shale. 
Notes   -  Thin   lignite   zone   from   53-57"; 
till  has  disseminated  lime  throughout 
its   matrix;    shale   is  olive  eolored(>32" 
PALEOCENE  -   FORT   UNION   FORMATION 


SENTINEL   BUTTE 


10.0-19.4'    SANDY    ■UI.TSTPNE: 
its   eastl' 
ding;    fin. 

SILTY   SHALE; 


;e   oxidized   horiit 

ure:    clay  « 
70°   Joint 


weak  HC1  reaction:    core  lengths   to 
43.1'-45.0"    Sandy   Shale:      light   br. 
firm,    cuts   with  moderate   knife 
pressure;    moist;    fine   sand;    thin 
horizontal    lignite   laminations   pre: 
orange    iron   oxidation   present;   weal 
HC1   reaction;   core  lengths  to  8". 
51.3-59.5'    COAL:      black;    hard;    dry; 
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GEOLOGIC  LOG  OF  DH  SI-II5 
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'[  1305-600-407 


Plate   32 


GEOLOGIC  LOG  OF  DRILL  HOLE 


s.-vrmfKS- 


:»«  ».VA'.'M".'.  .»K~"-»t 

UDELEV.    ..2«.l.-0.f.t-.  +      DIPWOLSm 

— -  DEPTH.  W.O.Sf-    BEARING.. 

i  Westman  0-1.0. 0' 
r.BQttocf. 10.0^03  J]',       log  reviewed 


6/8/81,    Hole   ar 

203 

W.L.    at   55.0'. 

Cs  at  61.5   Is 
Hole  is  backfl 

pull* 

2.0  to  0.0  ft. 

back 

filled  with   cu 

ttinf 

Drill  water  wa 
sterilized   as 

per 

M: 


I 


2068.0       103 


109.6-111 

6'    Cot 

1:      bla 

:k;   moist; 

bedding 

planes. 

11 

a. 0-115 

l-Liml 

te   Shale: 

bl 

ack;  rao 

.at;   c* 

rbonace 

ins   sandy   mi 

HC1  re 

slight 

plasticity 

=kily  n 

ilds   w 

th   fingers. 

145. e 

-151.4* 

SILTT 

SHALE: 

light  gray 

rooder 

te  HC 

sntal   bedding 

some   f 

ne   grained 

sand; 

become 

a  carbc 

naceous 

below   151. C 

151     . 

-r.a.j1 

COAL: 

black; 

dry;   platy 

break 

a    firml 

/   In   hands;   co 

re   lengths 

1  ',*  .  ■■ 

-160.0' 

SANDY 

SILTSTONE:      medium 

bedding  is  not  discernible;  In 
fragments  of  carbonized  plant  i 
that  lie  in  horizontal   plane;   i 

160.0-163.0' 


from  hole  and  c< 
163.0-168.5'    COAL:      black;   moist;    fi: 


.  projectBLM.-FP.  cppp,AgrptsT*TtNp 


GEOLOGIC  LOG  OF  DH  61-116 


CHECKED APPROVED 


'I  1305-600-408 


Plate  33 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


.Vlllistso. Study. Area pboject    BIHtBB.Coop. 

nn«i    ut    location.  «W.  S.  .6   U5'..W.  .of  .HE.  Comer 

.Sec,.34..T..15<..S,...R..97,U.CB°UHOE1-ev 

7-3-81  F|N|iHEn.     7T20-81  OEPTH  OF  OVERBURDEN      ."777 


moist;   cuts  easily;    very   sandy;    stronf 

11C1    reaction;    laminated;  bedding  dips 
approx.   10°;   core   lengths  to    3'. 
28B.0-31S.1'    SHALE:      dark   gray;   moist 

210- 

cuts  with  some  difficulty;    plastic;   a 
slakes;    weak   HC1    reaction;    slightly 

carbonaceous;    bedding  not  discernible 

- 

315.1-333.2'    COAL:      black;   wet;    britt 

220- 

333.2-349.0'   SANDY  to  SILTY  SHALE: 

light    to   dark    gray;   moist;   cuts   casil 

laminated  with  layers  of  silt  and   fin 

: 

sand;  strong  HC1   reaction;   bedding  di 
lengths   to  2' . 

349.0-363.0'    CARBONACEOUS  SHALE:      dar 

gray;   moist;    cuts   with   some  difficult 

weak  HC1    reaction;    plastic;   air   slake 

bedding  not   discernible;    core   lengths 

352.0-353.2'   Coal:     black;  wet; 

>4?*rj 

brittle;   broken. 

;x.-ttv 
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i   Study  Acea PROJECT     H  LHiBR    Q  ,aae  r  ...  lHe  Aureejwmt 

0CATI0».25»Q'.  S.  .4   US'.  .«.  ,o£  HE  Corner  ,,„„,. 

.SC<;..^4..X,.^S6.H...R,.9.^.W.c"0U•",el■E,  '"  *  ■■  « 

IHIIHIO.       I-2.0-SI         0IPTH  OF  OV5„u»0E«  -.--.-.  J°J™         »•' 

»"«         5M  no«.  "  J'""" 


- 


00.5 

:-iio.< 

-116 


288.1 
288.d-315. 
333.;  -349.1 


I 


I 


I 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


.?., 


IE  .    miHiinR  Study.  Area. projec 

.nilRl    113      LOCATIONZ500'    R.    A  J  WO.'.  5,    of  NE.  ( 
..    ft-.2Q-.ai.      FIHIJMEO.      6>JU-BJ         DEPTH  OF  OVEHBURC 


?.r0.t.i.ve.  Agreemei 
222D..D:*. 


uuz)     Vertical 


It  loi 


1.0-35.0'.     Cont 
id   rotation   driv, 
:   5'    intervals 
35. 0-45.0'.      Hq 
wireline   45.0-53.1 
Lost    circulation   I 
,    about   lOgpi 
At  53.0' 
ripped  out  Hq  wi 


li 


Cleaned   i 


.  hoi 


-5/8" 

Tripped 

Hq  wireline   tools. 
6/21/81   W.L.    at 
ground   level  with 

in  the  hole 
HwCs  at  52.0'.  Hq 
wireline   from  53.0- 


No  \ 


-,  with   i 


6/22/81  w.l.  at 

32.6'    HwCa   at    52.0 
iued   Hq  wire- 

l   gpin  and 
led  to  clear 
Hole   cora- 
I   to   173.0'. 
6/23/81  Hater  ta: 

165.0'  where  pro 
opped.      Pulled 


rell 


•  drll 


■ods   and   HwCs. 
lackfllled   the 


*h 


'/A 

it 


i 


I 


SJ:! 


I'ifist'h  yn 


o  10   feet. 


1   -   Glac: 


.   Till 


'  Loam;  strongly 
■  Sandy  Clay;  strongly 
-  Sandy  Clay;   slightly 


10.0-21.5'    SANDY   CLAY    (GLACIAL  TILL): 
brown;   moist;   medium  1IC1    reaction; 
occasionally  limey;   6S2  low  plasticity 
fines    301   fine   to   coarse   subangular 
sand;   51  scattered  subongular  gravel  ti 
3/4";    carbonaceous   debris;    core   length: 


i   14.0". 


<CL) 


21  .  5-2  J.r>'     ■AS:>    mni.W-l!  i  : 


subangular   sand;    203   subangular   grove: 
to  14";  5S  nonplasticity  fines.    (SP) 
23.0-41.0'    SANDY  CLAY    (GLACIAL  TILL)  : 


moderate  HCl  reaction;  607.  low  plasticli 
fines;  35*  fine  to  coarse  sand;  57,  sub- 
angular  gravel  to  2";  black  carbonised 
plant  residue;  also  thin  rust-red  oxida- 
tions; knife  cuts  with  much  difficulty; 
dense;    firm  to  hard;    core   lengths   to   4 ' . 

(CD 

Laminae  of  carbonized  plant  material 
and  lignite  at "27.0-27.2',  31.5-31.6 
33.7-33.8'   and   34.7-34.8'. 

PALEOCENE   -   FORT   UNION   FORMATION   - 
'^r.NTTNn     RlTT>~_MFMI>n.: 

41.0-44.5'    CLAYEY   SILTSTONE:      light    tan: 
,   fine  sand 
llty 


flni 


•arved   by    tan,    si] 
darker,    low  plasti. 

list  ;    slight    to   model 
shaves  easily  with 


e  HCl 
ife;  • 


44.5-47.5'    COAL:      black;   moist;    crumbly 
47.5-55.6'    SHALE:      gray;    moist;    no  HCl 
reaction;    horizontal   bedding;    firm; 
shaves  easily  with  knife;  broken  up  50. 
to  51.0';   core  lengths  to  0.9'. 
55.6-66.3'   COAL:     black;  moist;   broken; 
most   of    coal   was   sampled   and   bagge d  in 
field. 
66.3-79.4'    SANDSTONE:      gray;   moist; 


loderal 
inifon 


■   HCl 


tion;   95X  : 


•akly   ( 


67.4-67.5'   and 


Err, 


logged   with   breaks 


Plate   34 
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.  WilMetor,  Study  Area projec 

M  2.500'  W.  *,  1200'  S.  of  HE  ( 
Ser.  33,  T.  156  N. .  R.  96  I 
6-2  3- Fl'l"     '  '  0EPTH  OF  OVERBURC 


.  North  Dakota 
w,  ,    .  .  Vertical 


depth.  173.0' 
Westman  0-10.0' 

.  .fto.td.orf  ,1.Q..Q-J,7.3.0.'' 


144.0' 


Hi: 

161  .'>■ 


79.4-81.9'   SILTY  SHALE:     gray;  moiat; 
moderate   HCl    reaction;    firm;    shaves 
easily  with  knife;   at  80.8'    Iron  sulfi 
nodule   to  V- 
Hi  .9-62.2'    rAHILDHACFOI"-.    SHA1Y 


ith  a  slight 
lignite  banding  at  82.1;  no  HCl  react i 
dirty:  hard;  scratches  with  knife. 
82.2-93.0'  SANDY  SILTSTONE:  gray;  moii 
moderate  HCl  reaction;  thinly  laminate, 
by  alternating  very  fine  sand  and  low 
plasticity    fines   content;   horizontal 


>n;  horizontal  beddl 
land;  shaves  easily 
i  dull  waxy  sheen ; 


-114.5'    SANDSTONE:      gray; 


lengths   to   1.0'. 


ost   of   coal   was   sampled   and   bagged    In 
he   field. 

17.6-123.0'    SHALE:      gray;    moist;    slighi 
CI    reaction;    firm;    core    lengths   to   0.4 


23.0-12ft.rj'  SILTY  SANDSTONE:  gray; 
oist;  slight  HCl  reaction;  sand  la 
iform  and    fine;  dirty;  core  lengths 


1.1 

126.0-139.5'    SHALE:      medium   gray 

slight    to   moderate   HCl    reaction; 

sional    lenses   of   tan   silt;   horizi 

bedding;   shaves   easily  with   knifi 

lengths  to  2.8'. 

139.5-140.0'  COAL:   black;  moist;  shaly; 

platy;  brittle. 

140.0-144.0'    SILTSTONE:      light   gray; 

moist;  moderate  HCl   reaction;   firm; 

horizontal   bedding;    core   lengths   to  0.8 

141.0-143.0"    Dry;    cemented;   hard; 

argillaceous;    broken   core   lengths    to 

0.4'. 


shaly. 

155.0-156.2  COAL:  black;  moist;  har 
core   lengths    to   4". 

15(1.2-161.0'  SILTY  SANDSTONE:  earth 
Rray;  moist;  no  HCl  reaction;  unifor 
fine   grained   sand;    interbedding   by 


ding;  core  lengths  to  1.6'. 
164.2-164.4  Carbonaceous  si 
slight    lignite   lense. 
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.  .C.  Batdoxi.  J-1..D.-223..0 


GEOLOGIC  LOG  OF  PRILL  HOLE 


.  tVrtb-.pakpta., 
uz)  .Vertical.. 


Jjh.  223..0.\ 
.0-11.0' 
.1.-0-22  3.-0    i 


$=^ 


107.0-108.0'  SHALE:   gray;  moist:  no  I 
reaction;  uniform;  shaves  easily  with 
knife:  thinly  laminated  by  light  and 
dark  grays;  core  lengths  to  0.6'. 

-111.3'  CARBONACEOUS  SHALE:   Wit! 


I   SHALE:      Mm 


o   HC1    reaction;   hard;    uniform;    knif 

eddlng;    breaks   uith   and   against    bedding 
en   core    lengths   to  0.8'. 
5-121.9'    COAL:      black;   wet;   hard 


0-129.5'    SANDY   S1LTSTONE: 


S-13h.5'    SHALE:      dark   brown   and   gray 
t:    weak   HCI    reaction;    firm  and   ti 
;    horizontal   bedding;    core   lengt 

5-138.1'    COAL:      black;   uet;    brit 


0-1  39.  <•'    COAL:      bla. 


-139.6'   CARBONACEOUS   SHALE:      bin 


;  slight  HCI  i 
ty;  core  lengl 
-160,5'    COAL; 


ora;    firm;   horizontal    bedding 
p;    core   lengths  to  0.8'. 
71-5-197.0'    SILTY   SANDSTONE: 


ght  gray 
occasion, 
w   152.0 


GEOLOGIC  LOG  OF  DRILL  HOLE 


.  Mi.l.l i.ston  SjE.udy;  i 

.l!K8.1-U9  l 

h/21/HL     finished.     V2/8J 


.  JtUt-PJt.  CPPP*rwJLVft  Agree 

GROUND  ELEV     .  2ttM)..D.\+. 


,   Westman   0.0-11 .0' 

,.  fipXA^-f.  JJ..0.-223..DLOG  R 


ml  form    fin*  sand;    fi: 
lorliontal   with   light 


adding 


md   dai 


nay 


nations;   core    lengths   to   2.0' 

0  to    188.0'   silty,    calcareous,   hard 

0-223.0'    SANDSTONE:      medium   gray; 

1:  unifonn  fin. 
re  can  be 


ng  HCI 

rained;    slight   c> 
rushed  with   fing. 


lengl 


ling    1 


t  BUlrBB .  Coop .  .       state  N-.  Dakoti 


GEOLOGIC  LOG  OF  DH  81-119 


'""]  1305-600-411 


riuiB    oo 


GEOLOGIC  LOG  OF  DRILL  HOLE 


FEATURE  .   Willis  ton.   St.udy.  Area 
HOLI  «O.IWl,U9      NATION    1200'W. 
SXF,..  .1.8... 
BEGUN  .  .    6.-.23-.81.      FINISHED.       7.-ZS3, 


Cppperaz  lye   Agr< 
ELEV  !<y>.0...0'+ 


:  North  pakot; 


U..Q-223..HL 


DAMCO  model    1250 
trucktnounted. 
Driller 
m.m.    Henanson 
Hethod 

6/23/81  Moved  eqi 
nient  and  set  up  ; 
drill  site.  Bx  I 
casing  drive  sam- 
ples from  0.0  to 
35.0'.  Set  5" 
casing  0.0  to  20 
Pulled  Cs  and  set 
Hw  to  19.5'.  Coi 
from  25.0  to  30" 
was   disturbed 


S5.0   to    113.0' 
59.5".      HwCa  st 


1   W.L. 

a 

94  . 0 ' 

HuCs 

19.5' 

M   wireline 

12B.0 

to    133 

0 

192.5'.     Wat. 


136.5'. 

7/2/81    HwC 

3  set  at 

19.5'.      Hq 

192.5  to  2 

i3.0'. 

Continued 

<ater   lo 

at  about   1 

gptn   and 

recirrulat 

■ulled   dri 

1    rods 

and   HwCs. 

Backfll 

to  2.0'   an 

finish 

1 


i^  -   Sandy   Loam;    noncalcareous. 
^s   -   Gravelly   to   very   gravelly 

slightly   calcareous. 
!8  -   Sandy   Clay;    slightly 

les  -  Sandy  Clay;    slightly 


].u-lf..i    s,\NI)V    CUV    (CLACIAL   TILL)  : 


70X  low  pla 
small    lignlt 


952   oxidized. 


5   rust    colored   oxidized   zone; 
emented;   strong  HC1   reaction. 

FORT   UNION   FORMATION   - 


1.2'    i 

7.0-85.0'    SILTY   SHALE 


■;   core  lengths  to  2.0'; 

rossbeddlng  by   a   carbona- 

7   to  45.0"    hard   and 

olored   oxidations;    61.0    t 

to  67.0'    erosabedding  by 


io  is 


k   HC1    reaction;    horizontal    bedding; 

erlal   and    residue    lie  within   the 
ositional    plane;   core    lengths   to  2.1 
0   to    76.2'    lensed   by   thin   carbonacec 
le;    76.5   to   77.5'   carbonaceous   zone 

0-107.0'    SILTSTONt:      gray  and    tan; 


:   HC1    : 


ill    b..-l.lii 


lengths 


<   2.0 


»  Westman    -   Soil    Sciei 

Botdorf   -   Geologist 

1  Top   11    feet    logged   I 


GEOLOGIC  LOG  OF  DRILL  HOLE 


w;„Sm 


>e.ra  .t.i.ve.  Ajye. 

.24pA-A'i  .  .  . 


-Nprtti.PeKPte. 
t/z)  .vmicel, 


1: 


B 
ttBf 


w 


ly   laminated   by   light 
core    lengths   to   0.6'. 
11.3'    CARBONACEOUS   SHALE; 


:o    2";    bla, 
to  no  HC1    rei 
nn  distinct    < 
19.5'    BLACK   ■ 


nifonn;    knifi 


21.9'    COAL:      blai 


•A'::,-     ■  I  !  ;■■-  ;.i';> 


uniform;    knife   cuts    leaving   I 
een;   core  lengths  to   1.5'. 
36.5'    SHALE:      dark   brown   and 


38.1'    COAL:      bla. 


4'   COAL:     bla. 


39. *'    CARBONACEOUS   SHALE:      Mnck 


slight  HC1  re. 
;  core  length: 
40.5'    COAL: 


ui.<\ '   riiAi  : 


rm  to  hard, 
wn   Rradlng  to 
action;   shaley 
hell    fragments   i 
at   162.0'. 
ght   gray;   moist 
occasional    thin 


Iv  shaves  witi 


SAN'OSTHNF:       medliu 


GEOLOGIC  LOG  OF  DRILL  HOLE 


i 


and;    firm;   bedding   Is 
with    light. and   dark   stringy 
is;   core    lengths   to   2.0'; 
88.0'    silty,    calcareous,    hard 
0'     SANDSTONE:       raed 1 


ifort 


ore   lengths   to   4.0'. 

0'    SANDSTONE:      medium   gray; 
lerate   HC1    reaction;    uniform 


.  Will.istpn,  Study.  /Vrea.  . 


.1.1.1  .is ton.  S-„.lv  Ar.H.... 


GEOLOGIC  LOG  OF  DH  81-119 


'I  1305-600-411 


Plate  36 


GEOLOGIC  LOG  OF  DRILL  HOLE 


E  .Willistcm  .Study  Ateq 

.  .6/8/81  .  .   FINISHED.  .  .6/19/81        DEPTH  OF  0\ 


looperative  Agreement 

Lev AlVi-AXt.:  ±...  OIF 

.     DEPTH.  W5-.5.  ft. 
'estman  0.0-10.0' 

QtdQt£.lQ.Qr22Sa'.  lq> 


31.0'.     W.L.   at 

A. 3'.      5"  Cs  at 

3.0'.      Bx  Cs  drl 

samples   to   7S.7' 

Bock  bit   47.0-18 

I) 

and   66.0-70.5'. 

hard,   dry  sand. 

Little  mud  uas   1 

to    the   hole. 

h/10/81    Hole   at 

75.7'.      W.L.    at 

7.6'.       5"    Cs   at 

3' 

Hq  wireline: 

75.7    to   83.0' 

87.5    to    53.0' 

98.0  to   113.0' 

Bx    Cs    drive: 

63.0   to   B7.5' 

93.0   to  98.0' 

Lost    verv    1  icrle 

6/11/81    Hole  at 

Hole   cleaned   ( 


13.0' . 

6/16/81  Hole 

118.0'.  W.L 

41.8'.  5"  O 


Cleaned   hole  with 
4"   bit    from   105.0 
to    118.0'.      Bx   Cs 
drive    118.0   to   121,  '. 
and   Hq 


I      t    i 


Svv fllnn 


87.5 

75.7-1 


.,«  1! 


!lii:8 


— 
■    . 


^T 


Clay  Loam;   slightly  cal 

Sandy  Clay  Loan;   sllghi 
0   percent   gravel. 


10 

'i 

11.0'    SAND 

-    (OUTWASH) 

fi 

11 

parent   HCl 
fine  sand, 
.    (SP) 

13.0   SAND   - 

reaction:   9 
5  percent  n 

( OUTWASH 1 

5 

1:1 

HCl   reaction;    95   percent 
percent  nonplastlc   fines; 
larger  than  above.    (SP) 
0-84. S'   SAND   -   (0UTWASH) 

;   grain  si*. 

n;  dr: 
1-95  percent  fine  t< 
medium  sand;  5-10  percent  subangular 
gravel  to  V;  oxidised;  poorly  cement. 
(SP) 

38.0-38.5  weak  HCl   reaction  and 
weakly  cemented. 
PALEOCENE  -   FORT   UNION   FORMATION  - 


S  EOT  IN  EL    BUTTE    MEMBER 


84.5-93.0   SANDY   SUTSTONF 


sh  oxidation  colorations  below 
moist;  slight   plasticity;  probabl; 
rcent   fine  sand;    poorly  cemented 
nife   cuts  with   difficulty;    bedding 
t   discernible;    core   lengths   to   0.3 
.0-93.0  Core  washed   away;    during 
illing  process;   probable  increase 


land   < 


;  'Ht-.t"':i  : 


".0-1 |i 


COAI. :      black;   moisl 
'  SILTSTONE:     dark  j 


ight  HCl  reaction;  shaves  easily  with 
ilfe;  occasional  h  to  V  laminations  o 
ack  carbonaceous  shale;  slight  plas- 
clty;  core  lengths  to  1.0'. 
4.0-118.0  SILTV  SHALE:  dark  gray; 
ist;  no  HCl  reaction;  knife  cuts  with 
fficultv;  sand  is  fine  grained;  sligh 
ddlng;   cor. 


GEOLOGIC  LOG  OF  DRILL  HOLE 


(.2133'.  .H.  .(.  .1.9.00'  .S.„  At  NE  Corner 
.Soc_.L4,.T- J.55.H-,  J1..96.W. 


.  .BUhqR  .qoQpe,r.at,lve.  Agr.e.e.m.e.t\t  . 


.  Ror.th.  P.akota,  . 
I  )    VejtJ.caJ 


:-- DEPTH.       225. 5.'        BEARING. 

Hestman   0.0-10.0' 
B.Qt.dqrf..lQ,0-2.2.5,5'.  ..    LOG  REVIEWED 


revert    in   hole. 

173.0   to    199.0'. 

Shoe   came   off   inn< 


Tripped  out  wirelii 

Tripped  in  and  * 
cleaned  hole  from 
196.0  to  199.0'  by 
circulating  out 
fill.  Hq  wireline 
from  199.0  to  225.: 
Tools  pulled  and 
hole   backfilled 

to   2.0'.      Pulled 
5"   casinR  at    3'. 
Clay  cuttings   from 
2.0   to  0.0*.      Hole 
complete.      Drillinf 

Hacer  Commission 


■I'A' 


,I:jjJi 


>'.o  wm 


2083.0  127.0- 


2076.0 
2073.5 


20b'i  . 
:rih?.  i 
2066.3 
2064. 
Avocq- 
2061.5 


2050 
2050.1 


118.0-121.0   SANDY   SII.TSTONE: 


181  S~ 


121 

ii 

122 

.0 

COAL :      b 

lark 

sep 

>r 

tes 

■  i 

ong  hori 

ion 

12  2 

0 

127 

.0 

SHALE: 

llgb 

blu 

no  HCl 

ceo 

is 

woody 

fragment 

a;  f 

len 

It 

d  0.9'. 

12' 

n-.i  i 

SANDY   SHALE 

HCl  : 


incr 


with 


Hi 


and  < 


:ed;   I 


2.3". 

136.5-140.6  SANDY  SILTSTONE:  gray 
moist;  strong  HCl  reaction;  interb. 
with  thin  laminations  of  carbonacei 
and  tan,  fine  sand;  horizontal  bedi 
ling;    firm 


lei 


3.0' 


I  •<".'. -I..2.7  SHALE: 
moderate  HCl  react: 
bedding;  core  lengl 
142.7-l.V3. 7   COAL: 


io  is  I 


"■IS 


horizon 
.st;  brlttl( 
I  gray 


al   bedding; 
to   light 


:  .o1 


151 


HCl   reaction;    firm;    horizontal   bedding; 

core   lengths   to   2.0'. 

1S9.0.-159.4   CARBONACEOUS   SHALE:      dark 

gray   and   black   mottled;    moist;    slight 

HCl   reaction;   shaves   easily  with   knife; 

firm;   horizontal  bedding;   single  core 

length. 

159.4-159.7  COAL:      black;   dry;  brittle; 

159.7-162.0   SHALE:      gray;   moist;   modetE 


m;    horizontal    bedding; 


iTURE  .VllUston.Study.j 


CTEl;i-Kfi    Coop..Agrm%TA- 


GEOL0GIC  LOG  OF  DRILL  HOLE 


'EATURE.WUUHt-O.n  .S.t,u.d.y. 
IOLENO .      .DHf|l-:120LO"TION 


&  1900'.  JS.  .at  WE  .( 
.Set,. 19..  .X-  0,5.5.  .N...  A- .9.6.  > 

f>/\VAl         DEPTH  OF  OVERBUR0 


t  Coopet^tlve  Age  cedent 
oelev    .Z2JLCkQ.f.t*£..   di 

.----     .  .  .     DEPTH.  .  ,225.5  .1 


nh   Dajtojta 
VeTtJcai.  , 


■wnr 
2005.2 


«: 


sX 


162.0 

lh2  .- 

CARBONACEOUS   SHALE: 

gray 

IV)     ,,] 

ack;   moist 

no   HCl    re 

162.2 

164.1 

SANDY   SHALE:      gray   a 

brown 

not  '  ' 

ed;  moderat 
jeddlng;    f 

e  HCl   reac 
rra;   core   1 

164.0 

-167.0 

SHALE:      «i 

bedding;    co 
167.0-197.0 

no  HCl    re* 
ly  with  kn 

re   lengths 

SANDSTONE 

fe;   homo 
light  gri 

stron 

I  HCl 

reaction;   n 

tolst;    unlf 

197.0 

ensth 

200 .  . 

d   with   poor 
b  to  3.0'. 

SANDSTONE 

to  weak   ci 
light    RTf 

stron 

W) 

reaction;    1 

ard  crysta 

200.2 

L'Oi.H 

choidal   bre 
gths   co  0.8 
SANDSTONE 

aks;   dirty 
light   grf 

buff- 

rown; 

moist;   mod 
y    fine  sand 

erate   HCl 
;  dirty  anc 

204.8 

2  20 

py   when  wet 
SANDSTONE 

"medium   g 

I  HCl  : 


fi: 


horizontal  bedding  is  occasional!' 
bedded  by  short  1"  lamination  of  i 
clayey  fines;  core  lengths  to  3.5 
220.5-225.5  SHALE:  medium  gray;  i 
slight  HCl  reaction;  firm;  horizoi 
ossbedded   at   2; 


223.3'   by  i 


clay-shale 


lengths   to   3.0'. 


ng   lam: 
I  gray  i 


Karri. 


Willlaton   Study   I 


ItBLM-BR  .Cqop,A8rm(T(fcTeN;  .Dal 


UNITED    STATES 
DEPARTMENT  OF  THE   INTi 
BUREAU  C 


GEOLOGIC  LOG  OF  DH  81-120 


'I  1305-600-412 


Plate   37 
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ml      Willlaton   Study.; 
A0  DHSlTiai 

.9/19/81.. 


North  Dakott 


Filled   hole  with 
clay   cuttings   free 
0  to  2.0';  drill 


-E 


!« 


I 


mi 


1  2">    y -  meoium  nui   reacti 

mi  6*-5'"-  cote  len8t 

^^M  bh.o-m.^  sandy  s 

^^M  moist  ;    medium    MCI 

^^B  weakly   cemented; 

-^H  70.9-71.5   COAL: 

^^H  71  .5-73.0   SHALF: 

140-  HH  Vtr".-.,,,.   H<  I    r.-'.i.  M 


42.0   Li] 


52.3-55.0   SHALE: 


platy   and   crumbly. 


light   HC1 


rbedded  with 

dding;   core  lengths  to  1.6'. 
55.0-62.0  CLAYEY  SANDSTONE:     gray; 


■ted  1 
.tely  pla 


tied  t 


sand;    sllghtlv 
1.0'. 

>.0   SANDY   SILTSTONE:      gray;   moist; 
on;    thin    Laminae   of 
rial;  clayey  from  63.5- 
hs  to  1.0'. 
ILTSTOHE:      tan   to   gray; 


73.0-89.3   SHALE: 


life  with  dlfflcu: 
adding;  firm;  cor. 
83.0-84.0  Coal: 


.5-88. A   Coal:      black;   wet;    platy 
d  brittle. 
89.3-93.5  SANDSTONE:     medium  gray;   tno! 
ng  HC1    reaction;    mostly    fine   sand; 
Iscernible  bedding;    core    lengths   t 


93.5-111 .2    SILTY   SHALE:      light    gray; 
1   bedding 


.2'. 

SHALE:     dark  gray; 


scattered   small   white   ci 

fragments. 

113.0-122.5   CLAY   SHALE: 


2.0'. 

122.5-125.7   SILTY   SHALE: 


GEOLOGIC  LOG  OF  DRILL  HOLE 


E...V1U1 

,  DH81-121 
8/19/81 


Study, Area 

76'    E.    t,   25'    N.    ■ 
T,.j$5.N1.R...9V 


...r  s,., 

22 

ratlve  Agreeme 

2065.0'+ 

*Wc 

fdor 

0-10.0' 
.19.9-172.0' 

■  rth.pakota. 

. , Venial . 


70.0 

75.1 
90.9-»2.0 


125.7-140.0   COAL:      bla 


<  AF-:HuSAi  HJl's  j^SIAI  f  . 


6  Coal:  black;  mo  Is 
SHALEt  medium  gray; 
eaction;  difficulty  ; 
horizontal    bedding;    i 


•  during   drill  inn; 


DEPARTMENT   < 


T   RECLAMATION 


GEOLOGIC  LOG  OF  DH  81-121 


1MWN -&J2SRSE2SL TECHNICAL   APPROVAL.. 

-.»£€'€  0 APPROVED 


*"|  1305-600-413 


Plate   38 


GEOLOGIC  LOG  OF  DRILL  HOLE 


e.  willistop.Srudy.Area 

nnfli     \t>    LOCATION    41° '    P   s    1P75.1    S  of 

»  DH81-122    <-«<=  T'°M   T      L,5  N>   R_    Q7  w;- 

s/i  :,'8i      F(N.,HED    ■•  ■  !■    ■"■!       PEPTH  OF  0 


bl,m-br.  cooperative.  Agreenepc 
Ground  el€v     2?5$,I>.'± o.p 

j    —  SeJtm    283-°'.. 


rtti  Dakota. 
Vertical. 


Drllle 

H.M.    I 


Method; 

3/12/81  Sec  up  rl 

BxCs   drive   sample 

3    to    20.0'.      Hq 

rellne   20.0   to 


L0  Rprn 
13.0'. 

i/U/81  W.L.    at 
i0.0'.     S"  Cs  at 
!.5\      Hole  at   83. f 
Iq   wireline   83.0   tt 
121. 0'.      Water   loss 
to    12   gpra. 

.01.0'.      Continued 
.oslng  water   to 
.21.0*. 


Fulled 
I  5"  Ca  Er 

Reamed   h. 


with    little  water 

loss. 

3/16/81   W.L.    at 

5J.0'.     IlwCs  at 

100.0' .      Continued 

(q   wireline   losing 

.8  gpm. 


207.1 


-11 


Coll  colors  moist): 
lal  -  Glacial  till 
Loan;  slightly  calca: 

-  Clay  loam;  strongly 

2.5  Y  5/2. 

Lay  loan;   sllghtl; 


us;    2.5  Y   4/2. 
Lime  disseminated   through' 
!;    26-120"  -   glacial    til 
se   sand   and   gravel   and   1 

SANDY   CLAY    (GLACIAL  TIL1 


light  t 
60T  non 
through 
gravel; 
red  oxi 
t rat  ion 
11.0-15.0   SANDY   CLAY    (GLACIAL   TIL! 


[city  fines;    351  ve 

:   sub-rounded   sand; 
:red    1  ignite   chips; 


701  low  to  medium  plasticity  f: 
fine  through  coarse  subangular 
51  fine  subangular  gravel  to  3, 
slake;   core   lengths  to  9"  (CL) 

PALFOCENF   FORT   UNION   FORMATION 


SENTINEL  BUTTE  MEMBER 


is.jw 


laminated; 
knife;  core  lengi 
-20 .0   COAL:      dark 


22.2    ft.; 
I   23.O-3O.0 


light 
s  east 
1.0  f 


parting  at  20.3  f 
re  lengths  un  to 
LTSTONE:      light    I 


ledlur 

les;    bedding   dips   0   t 

)  by  knife  with   difficul 

re  lengths  to  0.8  ft. 

32.7-33.0  Coal:      brown;  clayey;    pla 

33.1-39.0   Siltstone:      dry;    cemented 
hard;   s 


with 
HC1    reaction. 

39.0-44.4    SILTSTONE: 


0  ran  Re 

ed    banding;    mo 

uniform;    hori 

core   le 

gths 

44.4-55 

7   CLAYEY    SILTSTONF: 

-  -    ^  '"r 


lligttt      11C1      ! 

iv  shaley  and  carbonacei 
53.5  ft.;  core  lengths 
7-56.2  COAL:   black;  mi 


it;  slight 
>ntal  bedd 


GEOLOGIC  LOG  OF  DRILL  HOLE                                  shut     -       of     J 

Study  .Area 

ATiON.400'.  .E.4  1075'   S 
.T. .155.8. .8, .9? 

SHED        8/18/81.      DEPTH 

"0     See  Notes.. 

PBOJECT.SUJtBB   Cooperative   Agreement STATE      North.   Dakota 

•  «£  -W -^W«   Sec      32        2255.0'+                 „..,..,„.- fc«..„, 

«, 

JO 

"L 

"swrnvsMssn 

•Westman   0-1 
.Botdorf .10. 

SSil 

hE 

ss 

"'1.M"1"" 

•  leMinweVi"  Menu 

si- 

si 

|s 

u 

MPTN  IPUTI 

| 

| 

:. 

253.0',  weight   of 
Kelly   Bar  alone 

was   lost. 

8/18/81   W.L.    at 

100.0'.      30.0'   of 
cave  from  223.0  to 
253.0'.     Continued 
Hq  wireline  from 
253.0  to  283.0'; 
washed  away  core 
below  263.0'.     Pull, 
irlll    rods   and   Cs. 
lole  Is  backfilled 
'1th   sand   and   cenenl 
:o  2.0'.     Clay 
:uttlngs    from  2.0   t( 
t.O  ft.     Hole  con- 
>lete.      Drilling 
rater  was   sterillzet 
is  per  North  Dakota 

.,.- 

Ton .  s 
17 1  .  D 

K7.7 

no 

174.2 

121.  c 

147.7 

169.4 

183 . 

194.2 

!146.5 
!134.5 

2107.3 

2093.9 

20P-..6 

l"of"j' 
208  1.8 

2071.8 

jjjji:! 

10B.S 

.2i'?8- 

130- 

140- 

147.7: 

160- 

161.1 

~.-: 

56.2-60.8   SHALE:      erav:    »!«;    «HPt,r 

HC1    reaction;    firm;    trims   by   knife   with 
difficulty;  horizontal  bedding;   core 
lengths    to   0.6   ft. 

60.8-63.0   COAL:      black;    moist;    shaley. 
63.0-71.5   S1LTY   SHALE:      m-«v;    mnlHt- 

weak   HC1   reaction;    firm;    shaves  easily 
with   knife;    1"  brown  coal   parting  at 

to   2.5    ft. 

71.5-73.0   SANDSTONE:      gray;   nolst; 

strong  HC1   reaction;    fine  sand;   silty; 

d    : 

poorly   cemented;    soft   and   broken. 
73.0-79.5   SILTSTONE:      erav:   mntst;    m^HIm 

1    88 

q 

_v 

tend  to  be  waxy  or  plastic;    firm. 
79.5-90.5  COAL:      hlark:   mnl*r-   nf>t 
visible   for    Inspection   as   coal   was 
sampled   and   bagged    in    field. 
90.5-108.5   SANDY   SILTSTONE:      flrav:    molnl 
slight   HC1    reaction;    some   fine  sand; 
non  to  low  plasticity  fines;  horizontal 
bedding;   core   lengths  to  2.0  ft.;   firm; 
trims   by   knife  with  difficulty. 
108.5-121.0   SANDSTONE:      *rav:    mnlsr- 
slight   HCl    reaction;    fine  sand;    uniform; 
weakly   cemented   horizontal   bedding;    cort 

aa- 

■"■■  ■ 
'■ 

__: 

121.0-147.7   SANDY   SILTSTONE:      gray; 
moist;    weak   to   moderate   HCl   reaction; 
zones  Of   increased   sand   and   clav;    firm; 
hard,    shaley   lignite   125.2   to   125.3; 
hard,    platy.    Lignite   126.6-126.7. 
147.7-161.1   SANDSTONE:      Rray;   moist; 

medium  HCl    reaction:   uniform   fine   sand; 

\-' 

soft   146.0-151.5  ft.   and  160.0-161.1   ft. 
shaley  with  thin  coal   partings  1S4.0- 
155.0    ft.;    core   lengths   to   1,2   ft. 

161.1-169.4   SANDY   SILTSTONF.:      flrav: 

l6U  ■■ 

H  moist;    medium  HCl    reactions;    alternating 

Bed       l^^H      laminations   of    fine   sand   and   non   to   low 
,         ^^|   [plasticity   fines:   horizontal   hedrflno: 

.  ■■ 

no- 

1 

110- 

183.2 

!32:9 

196.5" 

core   lengths    to   2.0   ft. 
'.'--«       169.4-174.2   COAL:      black;    nolst:    firm: 

broken   up 
;;    ■            170.7-171.9   Shale:      olive;   moist;    no 

«  1  1  5 

: 

174.2-183.2   SANDSTONE:      moist:    sllnht 

HCl    reaction;    alternating  charcoal   and 
light   gray   laminations;    fairly   uniform, 
fine   sand;    shaves   easily  with   knife; 
weakly  cemented;    core   lengths   to   3.5   ft. 

HCl   reaction;    low   plasticity;    difficult 

c. 

Ill 

SS 

E  X  PL  *  HA   no 

± 

:.:::!: 

::  ?: 

Botdorf 

-  Geologist 

•:: 
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.WJ]Hs(On-Stu<fy  Area.  .  .  . 
DH8i-122  ">CATION.  400'  J   t 


atlve  Agr. 
2255.0'+ 


X-Ray  Dlff 

Samples   Ta 

11,0-12 

15.0-16 

20.0-21 

29.6-30 

42.0-43 

50.6-51 

56.2-57 

66.2-67 

73.0-74 


41.2-142 
50.0-151 

61.2-162 
76.0-177 


9.2    253.0 
5.3-253.0 


193.0-194.2   CARBONACEOUS   ! 


appro 

11  hi 

;    dry;    no   HC 
g  coal. 

react  lc 

194  ■- 

-.    '-A'.'i.'  r"N!-: 

gray;    n 

(light 

firm;  bedding  Is  not  readily  discern 
lble;  small  carbonaceous  Inclusions; 
core   lengths   to   1.4    ft. 

196.5-221.8   SANDY   SILTSTONE:      gray; 


1  lightly 

HCl   reaction;    horizontal   bedding;    firm 
1"   platy   iron   sulfide   nodule   208.8'; 
thin   carbonaceous    lanlnae   below   215.5; 
dark   gray   carbonaceous   zones   at   216-5- 
216.8   ft.   and   219.0-219.2  ft.;   core 
lengths  to  1.3  ft. 

221.8-224.8  COAL:      black;    moist   to  wet 
brittle;    platy;    broken. 


'.'  :. •(-.'.">.    ■    SMALF.  ■ 


oliv 


CI 


tlon; 


firm;  compai 
ered  carbonai 


bedding;  shaves  with  dlffl. 
waxy  sheen;  core  lengths  ti 
229.2-253.0    SANDSTONF:      Rr; 


:h   knife;    grades   quickly    from  sha! 

sandstone  from  229.2-230.0;  fine 
id;  silty;  core  length  to  2.2  ft. 
re  washed   away   during   drilling 

ween   235.3  and    253.0'  . 

1.0-255. S  COAL:     black;  nolst;   br. 


light 


255.5-263.0   SILTSTONE 

from  255.5  to  257.5  f r . ;  dull  waxy 
sheen  when  cut  by  knife;  slightly  1 
bonaceous;  horizontal  beddings;  co: 
lengths  to  0.4   ft. 

263.0-283.0  SANDY  SILTSTONE:  gray 
moist;  fine  sand;  soft;  core  washei 
away   during  drilling;    uncemented. 


3   hole  ho  PHW-: 


)   POTENTIAL    RECLAMATI 
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.^ri1c£!i'E.1 TECHNICAL  APPROVAL 


'I  1305-600-414 


I 


Plote   39 
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l  Study,  Ax.ea, , ...  project   PWW?  P.°.°P.e.«tiy(!   Aprec 

LOCATION  2750.'.  S...A.  J50.V  R,.pf.  W  Corner  jisn'l 

Sec...?.,.  J...  -'.^.  N.j.  B...  ?7    U,       GROUWDELEV     .     >^!'.  + 


rth  Dakota 
.VoPttMl, 


1 


~ 


I 


1 


M:3 


(1 

i.-.l  ; 

bedding 

discer 

nlble 

10". 

130.6-1 

4.] 

COAL- 

bla 

.-..1  -1  v..:,  '    ■.HALF   and    COAL:       about 


I 


166.0-171-8'  SANDY  SHALE:  dark  gray; 
moist;  firm:  cots  with  some  difficulty 
laminated  with    fine   sandstone   layers; 


pyrlte   nodules   to   V:    bedding  not   dl! 
cernlble;   core   lengths   to   4". 
187.6-191.6'    COAL: 


191. 6-192.8'    CARBONACEOUS   SHALE: 


192.8-193.7' 


;  moist;  firm;  plastic;  air  slakes; 
no  HC1  reaction:  bedding  not  dlscemibli 
194.5-196.2'    COAL:      black;   wet;   brittle. 


196.2-215.6'    SANDY   SHALE: 


ruts   with   slight    difficulty 

indy,    laminated   zones ;    stroi 
-n;    bedding  nearly   horizonti 
tngtha   to   15". 
15.6-217.1'    LIMESTONE:      light   gn 


hard;    sandy;    conchoidal    fraci 

lengths    to   6". 

217.1-243.3'    SHALE:      gray;   moist;    firm; 
'lth   difficulty;    slightly   sandy; 
red   pyrlte   nodules   to   V;    moderate 
ong  HC1   reaction;   bedding  not 
nlble;   core  lengths   to  15";  bottoa 

2'    Is  carbonaceous. 

243.3-253.7   COAL:      black;   moist;   brittle 


-261.0'   CLAYEY  SANDSTONE:     gray; 


;ths   to   4';    top   foot    is   very  shaley 
carbonaceous. 
261.0-271.0  SHALE:      dark   gray;   moist; 
difficulty;   plast 
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.  !r?,.  >..  J...  15.4.  H...  *..  97.  «.  0"ou™  ELiv         ™  ±  0 


" 


% 


>.ffb 


•   Top    10   feet    logged   , 


RESOURCE    AND   POTENTIAL    RECLAI 
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APPROVED 
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E   Tobacco   Careens   Study   Area 
i..1H.«-:«4,-oc*T'0M^ 


of   S.E.    i 
tel;XZ.  X:  .1.53  .«...,.  A-.  97.  j 

_lO-2:-8:  FIHliHED.     1.0--!  4 -82  DEPTH  OF  OVERBURI 


Cooperative  Agreement 
:lev    .2071.0'.* DIP  M 

DEPTH     ?1.6-.Q    ft.-B 

istman  0.0-in.n  ft. 
!t<Jot(   I'kfHZU-.O  ft.  log* 


■t.h.  .na.ko.ta.  . 
.  vertical.  . 


up  on    site.      Rock 
:  from  0.0  to 

2.5  ft.      Bx  Cs 

e  samples  from 
to  28.0  ft. 

Rock   bit    from   28.0 
0.0   ft.      Bx   Cs 

drive    samples   to 


1.0. 


1.5   ft. 


through  coal. 
10/2:i/82  Hole  at 
40.0   ft.      No   Un- 
reported.     Hw   Cs 

:  40.5  ft.      Hq 
wire! ine    from   40.0 
143.0   ft.      Poor 


Hq  wireline    from 
143.0   to   216.0   ft. 
Pulled  tools  and 
ig.      Finished 
Drill    water 
sterilized  as 

r    Commission 


1g« 

■  is* 


■ 


-  Glacial   till. 


S-'.-lJP    Inches    -   Sandy   clay   1 


2.5  Y   4/2;    slight    effei 


zed   f 


with  abo. 
vel,   nu- 


along'fractures.      84-120" 
ain   enough   sand   to  make   SC. 

DY   CLAY      (O.ACIAI.   TILL): 


301   fine  and   f 


witl 


;  approx.  601  /ir 
1  plasticity,  medium  to  high  dry 
ch,  medium  thoughness,  approx. 
ne,    suhrounded,    weathered   hard 

of    lignite;    gypsum  crystals!    dry 

in'  (cl) 

PAIBOCKKE    -    FORT    t'vinv    FORMATION    - 


SI'VTINTI     P.1TTE  MEMBER 


>ly;  highly  wei 

31.1-35.0    '    S'lAL?: 


oua,    bedding   ! 

with  moderate 
weathered;  ci 
;   moist. 


■43.0' 


alti 


lai 


[S  [LTSTOHB  ; 


ed{    ■ 


:rushes  with  light  manual   pres; 
very;  noiat. 
'    COAt:      black;   medlut 


elv   hard. 


ngthi 


clay. 


-ill 


'.;      fii 
Joderai 


shaley   44.0  to  44.6   ft;    gi 
lented,  crushes  with  light 
;ssure;    pressure   along   bori- 
Iding;    driller   reported   ver; 


'   Top   10   ft.    logged   In    inch   I 
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ilD/22m.         FINISHED.     10/24/8;       DEPTH  Or  OVERBURDEN      ""  r. -.-.-.• 


■th.  Dakota .  . 
Vertical.  . 


;     m 


M 


1 

r 

1 


>-94.0'    SANDY   SILTST0SE: 


sure;    driller   reported   1 
94.Q-114.5'    SANPY    SILTSTOS'E  : 


Unin.it, 


;llty  wit 
rately   calcareous, 
1    bedding;    light 
gray;   uncemented.    crushes   easily  with 
light   manual   pressure;   moist. 
114.5-135.0'    SANDSTONE:      mostly   fine 
sand,    sllty,   weakly   calcareous,    lami- 

1   bedding,    thin   lignltl 


ringei 


1  with   light   manual   prt 


occasionally  small  pyrltic  concretion: 
gray;  medium  hardness,  hreaking  with 
moderate  manual  pressure  along  beddln; 
planes;  core  lengths  to  "  " 
closed  joint  at  149.2  f 
Coal:  139.9  to  148. 
o  167.5  f 


ipled   and   bagged    in    the   field:      blacl 
|moist;    platy   and   brittle   139.9   to 
ft.,  hard   and  chunky   14: 
ft.;    black;    moist;' plir 
le  159.1   to   163.0  and  li 


7.5  ft 

1.7-196.0'    SANDSTONE: 

.nated 


163. 


■s  with   light   manual    pres- 

SANDSTONE?:      no  recovery; 

mcemented;    driller   reportt 
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WrWrM..   FINISHED.     tO'21-82       DEPTH  OF  OVERBURDEN r-  DWTH.  216,0.  ft .    BEARING. 

•Westman    0.0-10.0   ft. 
1aSdEdITe0«Fe"s*UREO         ??!    :,ot,;s  LOGCEDBT    99t$9Tf     lfl,1-21f.,f)    ft  .LOG  REVIEWED 


estman    -   Soil    Sc  ii 
stdorf  -  Geologisi 


"    RECLAMATION 


GEOLOGIC  LOG  OF  DH  82-124 


""I  1305-600-416 


Plate  41 
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ge^ior  J,  T..15?  IJ-... 


go    #»0<JHO  ELEV  .?M9'J 


TH. . J35.2' 

-335. 2'        i 


1 


I 


271.3-276.0 


tion   to  HC1; 


fin 


with  knife:  occasional  dark  carhonac* 
sand  laminae;  horizontal  bedding;  coi 
lengths   to   2.2' . 

2fi7.5-29«.5  SHALF:  grav:  moist;  weal 
reaction   to  HC1:  verv   firm;   difficult 


ife; 


ilnlv   banded   with 
lenftchs   to  1-3'  - 
black:   moist;    broken 
sampled   and   baRged 


WB.S-in.''   SANDSTONE :      grav; 


HC1;  soft 
cemented;  becomes  sllty  below  311, i 
apparent  bedding;  core  lengths  to 
313.0-320.5  SHALE:  gr.iv;  moist;  n> 
reaction  to  HC1;  very  firm;  shaves 
knife; 


onal    fli 
erial:    i 


320.S-335.Z    : 


lengths 


Cli 


ihavei 


bedding  plane:  olive  coloration  f 
321.5-327.5;  Coal:  black,  shaly, 
wodv,    brittle   from   132. 7-333. S' I 

ltel    joints  at    334.3  and  334. 


lengl 


1.1 


:co  Garden     Study. .  Are. 
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1-3-HJ. 


W.  S.-  *  ■V<*n-   r. 


:.0'.      Hq   fr. 
!.0  co  261.5 

ilLLER'S 


and   woe   at    lit,.?' 

Dropped   core    from 
138.0   to    148.(1'  j 


1.0-261.5     50 


LOS. 0-]  52.0  3-1? 
0-202.7  3-13 
7-261.5  3-14 
!  Comp!.      1-1  s 

10LF.   COMPLETION 


P 


Si:: 


srlal   -  Clacial  i 


YR    3/2. 

■52  Inches  -  Coarse  sandv  loar 
onglv  calcareous;  10  YR  4/3. 
120   Inches  -   LlRht   clay   loam; 


>ne  size  In  0-11"  zone;  about  IS: 
and  fine-sized  (travel  In  11-52" 
i  layer;  glacial  till  below  52" 
is  about   5?  Rravel  of  varying 

mmerous  Iron  stains  and  lignite 
its,  and  salts  (gypsum?)  concen- 
along   fracture   planes. 


0.0-10.2'    -  SANDY  CLAY:      Appro*.    601 

odium   plasticitv   fines;    35*    predomi- 
antly    fine   to   medium  sand;    and    5T    fim 


subangular   gravel;   br( 


! 


ulty).  Locally  oi 
ioderate  tICl  read 
KLACIAL  TILL   (CD 


■  dlffl- 
d.      Max.    size 

PLEISTOCENE, 


MEMBER 
0.2-22.4'    -   SILTY  SHALE:      Tan; 
ry;   soft    (cuts  easily);    faint, 
orlzontal,  oxidised   lamination 
ut.     Highly  weathered  and  alee 
resembles   grnv  modeling   .lav)    from  10.2 
0    11.7'-      fore    lenRths    to   6".      Moderal 
o  weak  HC1   reaction. 
2.4-35.6'    -   SI1ALE:      Gray;   moist,    firm 


.  with  difficulty);    faint  horizoi 
ms  and  bedding  throughout. 
xldized.     Highly  broken  and 
carbonaceous    from   24.0   to   27.0'. 


sided  60l    Joints,     i 
tfo  hci   reaction. 
35.6-43.8'    -   SANDY   ! 


probably  0.2  '- 
aslonal   sllckei 

■  re    lengths   to   I 


to  firm  (cuts  easily);  20q 
crossbedded  llgnitlc  laminations  through- 
out.  Locally  very  sandy.  Becomes  very 
plastic  (with  no  sand)  from  42.2  to  43. 
Depth  of  weathering  extends  to  42.0'. 
Occasional  60°  (at  times  sUckenoided) 
lolnts.  Core  lengths  to  10".  Weak  to 
no  HCI   reaction. 

43.8-51.4'    -   COAL:      Black;   moist;    hard 
(brittle):    breaks   horizontally    (with 
conchcldal    surfaces).    Dark   gray   co 
brown   carbonaceous   shale    incerbed   from 


,,0,<C 


Depth(ft-)    Date 


13-5 

22.0  3-1: 

27.0  3-i: 

18.0  3-1' 

K-Ray   5  imp  I  es 

19.0-19.8 

28.7-29.6 

42.0-43.0 

57.0-58.0 

78.5-79.5 

93.0-94.0 

107.3-108.0 
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.    „i    SW   Corner    So.-.     2(1         , 
y  GROUND  ELEV     .  .  AVVi  +      .  .      .  .    DIP 

F  OVE0BUROEM  LA<2'  DEPTH  -.61...  5 

0-10.0'   C.   Westman   1/ 

LOGGED  BTJ.0..Q-26L-5'.T:-CaLcaRiui2io( 


;• 


~ 


JHALE    INTERBEDS; 


-  SHALE:     Medium 

.2".      I 
-    CLAYEY 


lously  oriented    Ugnli 
Waxy  lustre  whei 


ANVr.THVt     KTTII 


sandstone;  201  In 
shale;  and  5?  fin 


100.8-114.9' 


bv  vol 

mne   sha 

le).      Co 

Very  w 

no  HCI  r 

31.3' 

-  COAL: 

129.3- 

30.4' 

multlp 
131.3- 

e   face 

ted  slic 
-    SHALE 

SHALE:   Cray; 


hes  with  knife); 
is  lignitie  leaf 
ir  HCI    reaction. 

SANDSTONE:     Cray; 


Uy) 
id    locally   lignltic 

bedding  present. 
rlayers  (up  to  20% 
re  lengths   to   14". 


ensides. 
difficult    to 
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„  J  59.0.'.  S.    a  ..4.5.0.'    f„.  of.  W .  I 
T...  X&.  H-.h  K-.  .9«  W- 

,  3-15-82  DtpTHQF    OVERHUf 


.«e  ARf.ej 
22.0.0'+  .  . 


Horeh  poKoj 

,  ,     "(i° 


■    ™" 


SAMIISTnSF    ISTF.RB  EDS:       f.  r. 


bedded  llgi 
lengths  to 
203.8-2 'J. 


■    S1I.M  i    '.,'[  r|i    t  |  AVP. 


Locally  has  ■' 

(biotlt. 


lalt 


al   : 


hln. 


black    lignite  stringers    throughout 
Hard,    yellow,    clayey   zones  at   227.0' 
228.3   to   228.7',    and    229.7'.      Core 
lengths  vary   form  4   to   30".     Very  we 

232.4-233.4'    -   SHALE:      Cray;    moist; 


(cuts  with  dlfflci 
lustre  when   cut. 
233.4-242.0'    -  COAL: 


CI    i 


hard   (blocky).      Dark   gr.v 


Very    f.j 


i5.2'    -   SHALE:      Cray;   moist; 
hard   (cuts  with  difficulty) 

(al    faint,    horizontal    to    20° 


lignltic  laminations.  Pyrltlc  near  th. 
base.  Cradatlonal  (sandy)  lower  conta< 
Core  lengths  to  14".  No  HCI  reaction. 
255.2-261.5'  -  CLAYEY  SANDSTONE:  Cray: 
moist;  firm  (cuts  with  moderate  knife 
pressure).  Occasional  20°  lignltic 
lengtt 


ik   HCI 
:om  of   1 


tlon. 
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Plate  43 
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3/1 1 /82     depth  or  ovERduRDEM        —        DEPTH   '58.7' 

un  o.o-io.'n 

■rf.lO,Q7!58,7         i 
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i  .Garden    .Studv   Acoi 

,      LOCATION   2624  ..!)'.    N. 

.5sqi;iot)  3: 

FINISHED    .  .3/Utt* 


.BLMTBR.CqqDe 

2150'+ 

DIP  MJVGLE  FfKMf  HOB 
BEARING      "--- 

North   Dakota 
z ,       Vertical 

d8pth    159,7! 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-101 

Location:   105'  E.  S  224'  S.  of  NW  Corner,  Sec.  7,  T.  159  N. ,  R.  101  W. 

Logged  by:   C.  Botdorf 

Date.   March  1982 


DETERMINATION 

LABORATORY  NUMBtR 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 
6th  Hr. 
24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 
1/3  bar 
15  bar 

SOIL  REACTION-pH 
Paste 
1:5  H,0 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe«25°C 
Ca++ 
Mg++ 
Na-H- 
K+ 
CO, 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


u3- 
HCO 


3- 


o5= 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
NaOAcMpH  8.2 


(me/lOOg) 


(mmhos/cm) 


(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 
(me/lOUg) 
(me/lOOg) 


(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


2.0 
3.6 
6.4 
8.5 
32.3 
52.1 
15.6 


53.6 
1.24 


0.20 
1.8 
1.5 
22.1 


LABORATORY  DESCRIPTION 

Data 


4,356 

4,357 

4,358 

4,359 

4,360 

4,361 

10 1- 1 

101-2 

lul-j 

101-4 

101-5 

101-6 

0-0.7 

0.7-4.0 

4.0-6.5 

6.5-10.0 

10-31.5 

31.5-53.0 

1.9 
3.4 
4.3 
11.2 
31.0 
39.4 
29.6 


53.5 
1.04 
1.0 
3.b 
5.6 
0.2 
0.0 
4.1 
0.9 
4.9 

<0.1 
3.7 
0.3 
0.2 

0.20 
1.2 
4.2 
21.2 


2.1 
4.3 
13.0 
14.6 
43.9 
34.9 
21.2 


41.9 

8.4 

15.0 

76.4 

32.2 

0.8 

0.0 

2.2 

3.7 

120.0 

0.4 

4.8 

1.3 

3.8 

1.5 
12.8 
24.2 
15.3 


1.7 
3.6 
7.2 
9.6 
33.9 
60.9 
5.2 


53.7 

8.0 

21.4 

61.9 

33.1 

1.2 

0.0 

1.9 

3.6 

112. 0 

0.4 

5.1 

1.8 

5.0 

2.2 
20.6 

7.0 
23.1 


1.5 
2.4 
5.0 
12.3 
34.4 
32.8 
32.8 


0.8 
1.2 
2.8 
LI. I 
26.3 
27.0 
27.0 


1.14 

0.08 

0.20 

0.08 

0.04 

0.00 

2.05 

0.06 

0.22 

0.08 

0.02 

0.02 

(ml) 

26.0 

24.0 

21.0 

23.0 

25.0 

29.0 

(%> 

29.0 

27.7 

19.3 

26.2 

25.7 

28.0 

11.9 

12.2 

9.1 

12.7 

12.9 

14.1 

7.4 

8.3 

7.9 

7.8 

7.7 

7.7 

8.2 

9.4 

8.6 

8.3 

8.6 

8.8 

48.6 

56.7 

5.5 

3.1 

23.3 

8.9 

29.6 

10.1 

20.3 

15.7 

0.9 

0.8 

0.0 

0.0 

2.0 

4.3 

1.5 

0.8 

72.0 

30.5 

0.3 

<0.1 

4.0 

5.1 

1.0 

0.9 

2.6 

1.1 

0.86 

0.46 

5.4 

1.8 

5.2 

5.1 

22.9 

23.3 

SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*lnsuf flclent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


<0.1 

<0.1 

0.60 

0.70 

<0.1 

0.22 

3.0 

6.6 

22.1 

78.5 

0.10 

0.15 

30.0 

49.8 

0.3 

0.6 

1.5 

2.3 

2.1 

3.0 

<0.05 

<0.05 

2.5 

2.2 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-101  (cont'd) 

Location:   105'  E.  &  224'  S.  of  NW  Corner,  Sec.  7,  T.  154  N. ,  R.  101  W. 

Logged  by:   C.  Botdorf 

Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  band 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 


LABORATORY  DESCRIPTION 


Data 

4,362 

4,363 

4,364 

4,365 

4,366 

4,367 

101-7 

101-8 

101-9 

101-10 

101-11 

101-12 

53-63 

63-82 

82-98.5 

98.5-110.8 

110.8-128 

128-137.2 

(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15   bar 
SOIL    REACTION-pH 

Paste 

1:5   H20 

1:2   0.01      M     CaCl, 


0.0 
0.0 
0.5 
8.0 
10.8 
19.3 
61.4 
19.3 


0.2 
0.0 
0.0 
0.9 
10.4 
11.5 
65.3 
23.2 


0.0 
0.0 
0.0 
0.1 
1.0 

1.1 

61.3 
37.6 


0.2 
0.1 
0.4 
0.9 
12.6 
14.2 
62.2 
23.6 


0.1 
0.2 
0.1 
0.1 
7.5 
8.0 
66.0 
26.0 


0.0 
0.1 
0.0 
0.1 
1.0 
1.2 
59.2 
39.6 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

32.0 

38.0 

74.0 

56.0 

71.0 

175.0 

U) 

28.7 

37.1 

55.2 

33.0 

32.6 

38.3 

10.7 

14.2 

24.5 

12.4 

11.0 

17.0 

8.0 

8.0 

7.9 

8.4 

8.1 

8.2 

9.4 

9.3 

9.2 

9.6 

9.8 

9.7 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

49.0 

63.0 

95.8 

69.9 

64.5 

79.3 

ECeU25°C 

(mmhos/cm) 

1.68 

1.80 

1.42 

1.70 

2.10 

1.98 

Ca++ 

(me/1) 

2.0 

2.7 

1.4 

1.0 

0.8 

0.6 

Mg-H- 

(me/1) 

1.8 

2.1 

1.0 

0.9 

0.7 

0.5 

Na++ 

(me/1) 

12.2 

12.7 

11.1 

12.8 

16.7 

16.8 

K+ 

(me/1) 

0.4 

0.6 

0.5 

0.4 

0.4 

0.4 

co3_ 

(me/1) 

0.0 

0.0 

0.0 

0.2 

0.0 

0.0 

HC03_ 

(me/1) 

4.5 

4.7 

5.4 

5.3 

7.1 

9.6 

Cl- 

(me/1) 

0.7 

0.3 

0.4 

0.0 

0.0 

<U.l 

so4_ 

(me/1) 

10.8 

12.5 

7.8 

9.2 

12.2 

9.0 

N0j_ 

(me/1) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

SAR 

(.ne/1) 

8.9 

8.2 

10.1 

1  ).l 

19.3 

22.7 

Na 

(me/lOOg) 

0.6 

0.8 

1.1 

0.9 

1.1 

1.3 

Ca+Mg 

(me/lOOg) 

0.2 

0.3 

0.2 

0.1 

0.1 

0.1 

1:5  EXTRACT 

EC51?25°C 

(mmhos/cm) 

0.30 

0.30 

0.40 

0.34 

0.42 

0.50 

Ca+Mg 

(me/1) 

0.9 

0.2 

0.2 

0.1 

0.0 

0.1 

EXCHANGEABLE  SODIUM 

(percent) 

10.0 

10.9 

12.9 

13. i 

15.1 

27.7 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

21.0 

24.6 

33.9 

23.2 

20.3 

17.6 

NaOAc^pH  8.2 

SILVER  (Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

BORUN  (B) 

(ppm) 

0.58 

0.54 

0.46 

0.42 

0.46 

0.46 

CADMIUM  (Cd) 

(ppm) 

<0.1 

0.27 

0.29 

<0.l 

0.12 

0.61 

COPPER  (Cu) 

(ppm) 

8.2 

8.9 

12.6 

4.1 

3.9 

5.0 

IKON  (Fe) 

(ppm) 

85.4 

60.4 

85.1 

61.9 

140.0 

234.0 

MERCURY  Ug) 

(ppm) 

0.15 

0.20 

0.15 

0.20 

0.25 

0.30 

MANGANESE  (-In) 

(ppm) 

27.7 

13.0 

13.6 

10.6 

24.8 

37.3 

MOLYBDENUM  (Mo) 

(ppm) 

0.3 

0.5 

1.3 

0.3 

0.4 

0.67 

NICKEL  (Nt) 

(ppm) 

0.64 

2.2 

3.1 

1.2 

1.4 

2.0 

LEAD  (Pb) 

(ppm) 

3.4 

4.4 

8.9 

4.20 

3.9 

3.6 

SELENIUM  (Se) 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

•CO. 05 

ZINC  (Zn) 

(ppm) 

2.5 

5.0 

4.3 

3.5 

.3.4 

5.5 

*Insuf f icient  Sample 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-101  (cont'd) 

Location:   105'  E.  4  22*'  S.  of  NW  Corner,  Sec.  7,  T.  154  N. 

Logged  by:   C.  Botdorf 

Date:   March  1982 


DETERMINATION 
LABORATORY  NUMBER 


SACK   NUMBER 

DEPTH   (FT) 

PARTICLE    SUE    ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  ram) 

Coarse  Sand 

(1.0-0.5  ram) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very   Fine  Sand 

(0.10-0.05  mm) 

TOTAL   SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL   CLASS    (LAB) 

HYDRAULIC   CONDUCTIVITY 

(in/hr) 

6th  Hr. 

24th  Hr. 

SETTLING   VOLUME 

(ml) 

MOISTURE    RETENTION 

(%) 

1/3    bar 

15  bar 

SOIL   REACTION-pH 

Paste 

1 : 5   H20 

1:2   0.01  _M_  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION    EXTRACT 

Saturation   Percentage 

ECe«25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na-H- 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC0j_ 

(me/1) 

Cl- 

(me/l) 

so4. 

(me/1) 

N0j_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5   EXTRACT 

EC5?25<'C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE   SODIUM 

(percent) 

CATION    EXCHANGE   CAPACIT1 

!               (me/lOOg) 

0.0 
0.1 
0.1 
0.1 
2.6 
2.9 
60.2 
36.9 


0.00 
0.00 
245.0 

48.9 
20.4 

8.6 
10.2 


89.5 

1.70 

0.2 

0.1 

15.2 
0.2 
1.4 
9.0 

<0.1 
6.3 

<0.1 

39.3 
1.4 

<0.1 

0.54 
0.0 
52.1 
16.7 


LABORATORY  DESCRIPTION 


Data 

4,368 

4,369 

4,370 

4,371 

101-13 

101-14 

101-15 

101-16 

141-153 

153-160.5 

160.5-173.4 

173.4-177.8 

0.0 
0.2 
0.1 
0.1 
4.5 
4.9 
74.6 
20.5 


0.00 
0.00 
145.0 

37.6 
11.8 


65.8 
2.60 
0.2 
0.2 

23.4 
0.2 
1.5 

12.1 

<0.1 

12.0 

<0.l 

52.3 
1.5 

<0.1 

0.60 
0.0 
40.4 
15.4 


0.0 
0.1 
0.1 
0.1 
0.3 
0.6 
51.5 
47.9 


0.00 
0.00 
310.0 

53.1 
24.2 


101.1 

2.6 

0.2 

0.1 

23.6 

0.2 

1.5 

15.4 

<0.1 

8.0 

<0.1 

60.9 

2.4 

<0.1 

0.70 
0.0 
69.0 
14.9 


0.0 

0.0 

0.0 

4.0 

24.0 

28.0 

63.7 

8.3 


0.00 
0.00 
35.0 

21.0 
4.1 

8.5 
9.9 


44.1 

5.2 

2.3 

1.07 

47.5 

0.5 

0.4 

5.7 

0.1 

45.0 

<0.1 

37.0 

2.1 

0.1 

0.60 
0.0 
31.7 
5.2 


NaOAc@pH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f icienR  Sample 


(ppm) 

<0.1 

<0.1 

<0.I 

<0.l 

(ppm) 

0.52 

0.58 

0.48 

0.44 

(ppm) 

0.17 

<0.l 

<0.1 

0.15 

(ppm) 

5.6 

2.3 

9.1 

2.6 

(ppm) 

207.0 

192.0 

395.0 

241.0 

(ppm) 

0.20 

0.15 

0.30 

0.20 

(ppm) 

34.5 

28.4 

46.3 

23.9 

(ppm) 

0.3 

0.4 

0.5 

0.4 

(ppm) 

2.5 

3.1 

1.2 

0.8O 

(ppm) 

4.9 

2.1 

7.2 

1.7 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

5.6 

4.5 

5.5 

3.7 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole.   82-102 

Location.   400'  N.  &  25'  U  of  SE  Corner,  Sec.  32,  T.  159  N. 

Logged  by.   C.  Botdorf 

Date.   October  1982 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXiURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

bth  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOI L  REACTION- pH 

Paste 

1:5  H20 

1:2  U.01  _M_  CaCl2 
GYP SUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe«25°C 
Ca++ 
Mg++ 
Na++ 
K+ 


SAR 
Na 

Ca+Mg 
1.5  EXTRACT 
EC3^25°C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
NaOActfpH  8.2 


(percent  J 

(2.0-1.0  nun) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.1O-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


(ml) 
(X) 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


LABORATORY  DESCRIPTION 

Data 


78 

102-1 


40. b 
31.8 
27.6 

2.5 

CL 

0.17 
0.19 
18.5 

25.1 
14.0 


79 

80 

81 

82 

83 

102-2 

102-3 

102-4 

102-5 

102-6 

5.5-9.0 

9.0-10.0 

10.0-24 

.0 

24.0-45.5 

45.5-60.0 

. 

. 

1.7 

2.8 

1.1 

- 

- 

8.1 

19.8 

31.4 

- 

- 

39.4 

46.3 

44.2 

- 

- 

13.7 

8.8 

6.2 

- 

- 

12.1 

6.3 

5.3 

37.4 

35.8 

75.6 

84.0 

88.2 

33.0 

30.6 

12.8 

8.4 

6.2 

29.6 

33.6 

11.6 

7.6 

5.6 

3.1 
CL 

0.09 
0.08 
21.5 

27.5 
13.4 


5.1 
CL 


26.1 
13.5 


0.22 
0.36 
19.5 

17.0 
9.0 


5.4 
7.4 
18.0 

LI. 2 
3.8 


11 

.0 

11 

,0 

16 

.0 

8 

.3 

2 

.8 

8.4 

8.3 

8.2 

8.0 

7.0 

7.5 

7.7 

7.4 

7.2 

7.2 

6.8 

6.8 

-3.6 

+0.4 

* 

+4.6 

+5.4 

+7.4 

46.9 

53.2 

50.7 

38.6 

37.9 

35.9 

0.960 

1.558 

2.065 

1.068 

0.832 

0.688 

0.90 

2.10 

3.90 

3.80 

3.50 

3.00 

3.61 

5.74 

7.87 

2.79 

1.97 

2.46 

7.3 

13.0 

15.8 

5.2 

4.0 

4.1 

0.29 

0.36 

0.59 

0.34 

0.32 

0.27 

0.00 

O.UO 

0.00 

0.00 

0.00 

0.00 

3.17 

2.32 

2.36 

2.14 

2.53 

1.67 

1.53 

4.30 

5.17 

3.16 

0.68 

0.45 

7.40 

14.58 

20.63 

6.83 

6.58 

7.71 

0.001 

0.000 

0.000 

0.001 

0.001 

0.003 

4.9 

6.6 

6.5 

2.9 

2.4 

2.5 

0.34 

0.69 

0.80 

0.20 

0.15 

0.15 

0.21 

0.42 

0.60 

0.25 

0.21 

0.20 

.229 

.309 

.395 

.184 

.121 

.126 

0.88 

1.09 

1.40 

0.79 

0.51 

0.56 

3.9 

4.4 

4.1 

2.1 

1.2 

1.7 

22.0 

23.6 

25.0 

17.4 

13.0 

9.0 

SILVER  lAg) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBULNUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


0.62 
0.04 
2.8 
139.0 
0.03 

65.2 
0.1 
1.6 
1.20 

<0.1 
2.6a 


1.21 
0.06 
2.8 
130.6 
0.04 
54.2 
0.7 
1.4 
1.20 
<0.1 
10.9 


0.59 

0.06 
1.2 
87.0 
0.04 
6.4 
0.4 
0.4 
0.60 
<0.1 
24.2 


0.59 
0.04 
0.8 

84.4 
0.03 
3.6 
0.3 
0.4 
0.60 

<0.1 
2.0 


0.62 
0.02 
0.8 

83.4 
0.01 
7.0 
0.3 
0.4 
0.40 

<0.1 
4.5 


*lnsut t iclent  Sample 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole.   82-102  (cont'd) 

Location:   400'  N.  &  25'  W  ol  SE  Corner,  Sec.  32,  T.  159  N. 

Logged  by:   C.  Botdorr 

Date:   October  1902 


DETERMINATION 

LABORATORY   NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SUE  ANALYSIS 


(percent) 


Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(l.U-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

w 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  U.01   M  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECetf25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Ci- 

(me/1) 

so^_ 

(me/1) 

NO, 

(me/l) 

SAK 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5«25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

1.2 

34.6 

42.0 

5.9 

6.3 

30.0 

4.4 

5.6 


12.0 
13.0 
15.0 

7.8 
2.5 


7.7 

6.9 

+1.0 

35.9 
0.802 
2.30 
2.13 
4.2 
0.22 
0.00 
1.84 
0.45 
6.56 

<0.001 
2.8 
0.15 
0.16 

.117 
0.47 
1.9 
8.8 


LABORATORY  DESCRIPTION 


84 

85 

86 

87 

88 

89 

102-7 

102-8 

102-9 

102-10 

102-U 

102-12 

60.0-78.0 

78.0-95.0 

95.0-111.4 

111.4-123.8 

123.8-137.9 

148.1-154.7 

0.8 
15.8 
48.5 
12.5 

5.8 
83.4 

9.0 

7.6 


8.0 
8.1 

14.5 

9.5 

3.0 


8.0 

7.3 

+0.4 

41.3 
0.627 
1.65 
1.80 
3.7 
0.15 
0.00 
1.48 
0.40 
5.42 
0.000 
2.8 
0.15 
0.14 

.144 
0.59 
2.4 
12.0 


0.5 
16.7 
55.3 
8.8 
6.1 
88.4 
7.0 
5.6 


8.1 
8.1 
15.5 

8.6 
2.8 


8.0 

7.4 

+2.4 

36.0 
0.867 
2.30 
2.46 
5.5 
0.16 
0.00 
1.44 
0.51 
8.47 
0.000 
3.6 
0.20 
0.17 

.153 
0.60 
2.5 
10.4 


20.4 
44.0 
33.6 


8.1 

7.6 

-0.2 

76.7 
0.741 
1.38 
2.05 
5.2 
0.65 
0.00 
2.19 
0.25 
6.84 
0.001 
4.0 
0.40 
0.26 

.286 
1.12 
2.4 
35.8 


6.2 
39.2 
54.6 


8.1 

7.7 

-2.2 

86.0 
1.001 
1.90 
2.46 
5.5 
1.30 
0.00 
4.59 
0.23 
6.34 
0.000 
3.6 
0.47 
0.38 

.331 
1. 11 
3.9 
28.4 


11.0 
54.4 
34.6 


0.06 

0.07 

0.11 

0.04 

0.06 

0.19 

28.0 

33.0 

31.0 

43.7 

47.4 

43.2 

36.7 

32.1 

26.4 

8.3 

7.8 

-6.4 

85.9 
0,838 
1.00 
1.23 
6.0 
0.70 
0.00 
3.95 
0.28 
4.70 
0.000 
5.7 
0.52 
0.19 

.303 
0.72 
4.3 
31.2 


NaOAcSpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuff icleot  Sample 


(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

0.56 

0.79 

0.46 

0.59 

0.72 

0.92 

(ppm) 

0.04 

0.04 

0.02 

0.06 

0.08 

0.06 

(ppm) 

0.6 

0.6 

0.6 

12.0 

12.0 

8.0 

(ppm) 

76.8 

86.6 

70.6 

67.6 

134.8 

91.4 

(ppm) 

0.01 

0.00 

0.01 

0.08 

0.04 

0.07 

(ppm) 

3.8 

4.8 

4.6 

5.4 

22.6 

6.6 

(ppm) 

0.3 

0.2 

0.1 

0.4 

0.9 

0.3 

(ppm) 

0.2 

0.4 

0.4 

2.2 

8.0 

2.0 

(ppm) 

0.40 

0.40 

0.60 

8.20 

5.8U 

7.20 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

0.2 

0.2 

(ppm) 

2.4 

1.4 

1.3 

3.9 

5.8 

3.8 
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Hanks  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-102  (cont'd) 
Location:   400'  N.  &  25'  W  of  SE  Come 
Logged  by:   C.  Botdorf 
Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 


Sec.  32,  T.  159  N. 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE 

ANALYSIS 

(percent) 

Very  Coarse 

Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB; 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

bth  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

m 

1/3  bar 

15  bar 

SOIL  REACTION- 

■jM_ 

Paste 

1:5  H^O 

1:2  U.01  M 

CaCl, 

GYPSUM  REQUIREMENT 

(me/100g) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECetf25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Cl- 

(me/I) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

'me/lUOg) 

1:5  EXTRACT 

EC5IS25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE 

SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

154.7-170.0 


44.8 
32.6 
22.6 


0.01 
0.01 
22.5 

33.4 
16.3 


8.7 

7.8 

-1.0 

59.1 
1.003 
0.50 
0.90 

10.0 
0.40 
0.00 
4.38 
0.28 
7.14 
0.002 

11.9 
0.59 
0.08 

.297 
0.36 
8.1 

28.4 


LABORATORY  DESCRIPTION 
Data 


NaOAcWpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (CdJ 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insut t icient  Sample 


(ppm) 

- 

(ppm) 

0.95 

(ppm) 

0.02 

(ppm) 

3.2 

(ppm) 

62.8 

(ppm) 

0.03 

(ppm) 

3.4 

(ppm) 

0.3 

(ppm) 

1.6 

(ppm) 

4.40 

(ppm) 

<0.l 

(ppm) 

2.6 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-103 

Location:   40'  N.  S  500'  W.  of  SE  Corner,  Sec. 

Logged  by:   C.  Botdort 

Date:   November  1982 


DRTBRMI  NATION 

LABORATORY  NUMBER 


14,  T.  158  N.,  R.  103 


LABORATORY  DESCRIPTION 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


(ml) 
(*) 


1/3  bar 
15  bar 
SOIL  RSACTION-pH 
Paste 
1:5  H20 

1:2  0.01  _M  CaCL2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
ECe925°C 

Ca++ 

Mg++ 

Na++ 

K+ 

C0j_ 

HC03_ 

Cl- 

so4. 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5@25"C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
NaOAcSpH  8.2 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/l) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


30.8 

43.8 

25.4 

2.4 

L 

0.91 
1.5 


36.8 
18.4 


6.4 

5.6 

+2.2 

74.1 
0.535 
3.20 
1.80 
0.70 
0.29 
0.0 
3.47 
0.56 
1.96 
0.000 
0.44 
0.05 
0.37 

.130 
0.90 
.29 
37.0 


53.0 

27.4 
19.6 

1.7 

SL 

1.3 
2.7 
17.5 

20.9 
9.0 


6.1 

5.8 

+2.8 

36.0 
0.336 
1.20 
0.72 
0.63 
0.16 
0.0 
0.69 
0.78 
1.24 
0.023 
0.64 
0.02 
0.07 

.071 
0.31 
.55 
18.2 


75.0 
16.4 

8.6 
54.8 

SL 

0.50 
1.3 
15.5 

10.0 
7.2 


7.9 

7.2 

+3.8 

22.2 
0.874 
4.00 
2.70 
2.1 
0.30 
0.0 
1.95 
3.22 
3.93 

<0.001 
1.1 
0.05 
0.15 

.155 
1.82 
1.7 
8.6 


32.8 
35.0 
32.2 

3.4 

CL 

0.20 
0.20 
21.5 

28.6 
7.1 


7.7 

7.1 

+3.0 

54.2 
0.518 
3.00 
1.23 
0.54 
0.24 
0.0 
2.53 
1.72 
0.76 
0.000 
0.37 
0.03 
0.23 

.140 
1.01 
.61 
31.0 


29.8 
50.0 
20.6 


0.45 
0.52 
21.0 

34.2 
6.9 


8.1 

6.9 

+2.6 

57.7 
0.246 
1.25 
0.57 
0.38 
0.17 
0.0 
1.67 
0.28 
0.42 
0.006 
0.40 
0.02 
0.11 

.122 
0.87 
.69 
26.0 


6.0 
38.8 
55.2 


0.60 
1.00 
31.5 

47.0 
6.8 


7.4 

6.8 

+2.4 

83.5 
2.081 
9.50 
9.84 
6.5 
1.50 
0.0 
5.36 
0.40 

21.58 
0.00 
2.1 
0.54 
1.62 

.583 
3.51 
1.8 
36.0 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Ni) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
•Insufficient  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


0.82 
0.24 
2.2 
182.2 
0.03 

39.6 
0.1 
2.8 
1.00 

<0.1 
6.4 


0.56 
0.08 
2.6 
139.2 
0.02 

40.2 
0.1 
2.8 
0.80 

<0.1 
2.4 


0.00 

0.95 

0.06 

0.26 

1.2 

16.0 

52.8 

154.0 

0.04 

0.07 

7.4 

36.0 

0.2 

1.2 

0.4 

10.0 

0.60 

6.80 

<0.l 

0.5 

0.8 

16.7 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-103 

Location:   40'  N.  4  500'  W.  of  SE  Corner, 

Logged  by:   C.  Botdorf 

Date:   November  1982 


DETERMINATION 

LABORATORY  NUMBER 


Sec.  14,  T.  158  N.,  R.  103 


SACK  NUMBER 

DEPTH  (FT). 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

bth  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(X) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M   CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 
ECe@25°C 

Ca++ 

Mg++ 

Na++ 

K+ 


SAR 


Ca+Mg 
1:5  EXTRACT 

EC5@25',C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOActfpH  8.2 


(mmho8/cm) 


(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me, 
(me/lOOg) 
(me/lOOg) 


(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


13.0 
58.8 
28.2 


0.06 
0.08 
24.5 

35.0 
16.7 


8.3 
7.6 

+3.6 

63.7 
0.905 
2.00 
1.97 
6.0 
0.61 
0 

4.46 
0.34 
5.78 
0.00 
4.3 
0.38 
0.25 

.243 
0.98 
2.6 
29.6 


LABORATORY  DESCRIPTION 
Data 


97 

98 

99 

100 

103-7 

103-8 

103-9 

103-10 

44.0-63.0 

73.0-82.0 

91.9-103.0 

113.2-131.5 

5.8 
27.0 
67.2 


0.02 
0.06 
33.5 

63.5 
32.5 


8.2 
7.7 

+7.4 

96.0 
1.510 

1.70 
1.80 

15.0 
0.90 
0.34 
8.71 
0.71 
9.64 
0.00 

11.3 
1.44 
0.34 

.376 
0.51 
6.2 
37.8 


9.8 
56.0 
34.2 


62.7 
39.3 


9.0 

7.8 

+11.2 

121.6 
1.248 
0.21 
0.38 

15.3 
0.38 
0 

8.62 
8.62 
7.23 
0.00 

28.2 
1.86 
0.07 

.463 
0.29 
17.6 
38.2 


27.4 
43.4 
29.2 


0 

0 

27.5 

54.0 
30.0 


9.2 

7.9 

+11.6 

89.9 
1.537 
0.30 
0.41 

18.1 
0.35 
0 

9.70 
9.70 
8.95 
0.00 

30.4 
1.63 
0.06 

.466 
0.20 
20.3 
38.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Ni) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
•Insufficient  Sample 


(ppm) 

- 

- 

- 

- 

(ppm) 

0.66 

1.77 

0.79 

0.59 

(ppm) 

0.10 

0.22 

0.14 

0.10 

(PP«) 

5.8 

12.0 

8.8 

5.2 

(ppm) 

130.8 

182.6 

78.4 

93.2 

(ppm) 

0.04 

0.06 

0.05 

0.03 

(ppm) 

11.2 

14.6 

6.4 

9.2 

(ppm) 

0.5 

0.6 

0.4 

0.4 

(ppm) 

3.8 

6.0 

4.0 

3.4 

(ppm) 

3.40 

12.00 

7.20 

6.00 

(ppm) 

0.1 

0.4 

0.1 

0.1 

(ppm) 

7.1 

20.6 

10.7 

7.5 

Hanks  Study  Area  North  Dakota 

Geologic  Drill  Hole:   82-1(14 

Location:   75'  N.  S  150'  W.  of  SE  Corner, 

Logged  by:   F.  Calcagno 

Date:   March  1982 


Sec.  19,  T.  158  N. ,  R.  102  W. 
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DETERMINATION 


LABORATORY  DESCRIPTION 

Data 


LABORATORY  NUMBER 

( percent) 

.'i  ,590 

21,591 

21,592 

21,593 

21,594 

21  ,595 

SACK  NUMBER 

104-1 

104-2 

104-3 

104-4 

104-5 

104-6 

DEPTH  (  FT) 

0.0-0.67 

6.0-10.0 

10.0-37.5 

37.5-45.0 

45.0-71.6 

71.6-85.0 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

C 2.0-1.0  mm) 

3.0 

- 

- 

- 

- 

0.3 

Coarse  Sand 

(1.0-0.5  mm) 

6.6 

- 

- 

- 

- 

0.8 

Medium  Sand 

(0.5-0.25  mm) 

10.1 

- 

- 

- 

- 

17.3 

Fine  Sand 

(0.25-0.10  mm) 

19.6 

- 

- 

- 

- 

55.2 

Very  Fine  Sand 

(0.10-0.05  mm) 

20.2 

- 

- 

- 

- 

5.4 

TOTAL  SAND 

(  2.0-0.05  mm) 

49.5 

34.8 

32.8 

36.6 

36.5 

79.0 

SILT 

(0.05-0.002  mm) 

29.9 

42.6 

42.9 

38.2 

37.9 

11.2 

CLAY 

(0.002  mm) 

20.6 

22.6 

24.3 

25.2 

25.6 

9.8 

GRAVEL 

( percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

L 

L 

L 

L 

L 

FSL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.35 

0.06 

0.04 

0.10 

0.06 

1.85 

24th  Hr. 

0.32 

0.06 

0.04 

0.12 

0.06 

1.89 

SETTLING  VOLUME 

(ml) 

21.0 

26.0 

24.0 

24.0 

25.0 

20.0 

MOISTURE  RETENTION 

(*) 

1/3  bar 

- 

- 

- 

- 

- 

- 

15  bar 

10.1 

16.8 

15.9 

15.5 

15.3 

6.5 

SOIL  REACTION-pH 

Paste 

- 

8.3 

7.6 

8.1 

8.1 

8.1 

1:5  H20 

8.4 

8.6 

8.1 

* 

7.9 

8.5 

1:2  0.01  _M_  CaCl2 

* 

* 

* 

* 

* 

* 

GYPSUM  REQUIREMENT 

(me/lOOg) 

0.6 

-7.0 

-7.3 

-2.1 

0.6 

0.7 

SATURATION  EXTRACT 

Saturation  Percentage 

39.0 

46.5 

45.0 

45.4 

51.8 

39.9 

ECe@25°C 

( mmhos/cm) 

1.39 

1.00 

3.6 

4.0 

4.1 

1.99 

Ca++  +  Mg++ 

(me/1) 

12.7 

5.6 

44.1 

49.9 

53.6 

17.2 

Mg++ 

(me/1) 

- 

- 

- 

- 

- 

- 

Na-H 

(me/1) 

2.3 

4.2 

5.2 

4.1 

4.5 

4.8 

K+ 

(me/1) 

0.9 

0.2 

0.7 

0.7 

0.8 

0.5 

co3_ 

(me/1) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HCOj_ 

(me/1) 

11.2 

4.5 

2.5 

2.3 

3.4 

3.2 

Cl- 

(me/1) 

0.8 

0.3 

1.4 

1.0 

0.6 

1.2 

so4_ 

(me/1) 

3.3 

2.5 

45.5 

50.0 

54.0 

17.0 

N03_ 

(me/1) 

<0.1 

2.4 

2.8 

4.1 

3.6 

1.5 

SAR 

(me/1) 

0.9 

2.5 

1.1 

0.8 

0.9 

1.6 

Na 

(me/lOOg) 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

Ca+Mg 

(me/lOOg) 

0.5 

0.3 

2.0 

2.3 

2.8 

0.7 

1:5  EXTRACT 

EC5@25°C 

(mmhos/cm) 

0.24 

0.20 

0.77 

1.70 

1.92 

0.24 

Ca+Mg 

(me/1) 

1.8 

1.2 

7.1 

17.2 

20.7 

1.4 

EXCHANGEABLE  SODIUM 

( percent) 

3.40 

3.04 

0.92 

0.51 

0.42 

0.66 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

19.45 

18.26 

17.93 

20.97 

19.56 

12.39 

NaOAc@pH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

<0.1 

<0.1 

<0.1 

<0.1 

BORON  (  B) 

(ppm) 

- 

- 

2.6 

2.8 

1.8 

1.6 

CADMIUM  (Cd) 

(ppm) 

- 

- 

<0.1 

<0.1 

<0.l 

<0.l 

COPPER  (Cu) 

(ppm) 

- 

- 

2.4 

2.9 

3.4 

1.0 

IRON  ( Fe) 

(ppm) 

- 

- 

2.5 

2.0 

2.9 

2.1 

MERCURY  (Hg) 

(  ppm) 

- 

- 

0.05 

0.05 

0.10 

0.05 

MANGANESE  ( Mn) 

(ppm) 

- 

- 

8.5 

13.9 

18.2 

7.0 

MOLYBDENUM  (  Mo) 

(ppm) 

- 

- 

0.5 

0.1 

0.2 

0.1 

NICKEL  ( Nl) 

(  ppm) 

- 

- 

0.6 

1.8 

2.5 

0.4 

LEAD  (  Pb) 

(ppm) 

- 

- 

1.2 

1.6 

1.6 

0.7 

SELENIUM  (  Se) 

(ppm) 

- 

- 

0.1 

<0.1 

0.1 

<0.1 

ZINC  (  Zn) 

(ppm) 

- 

- 

2.1 

1.5 

2.5 

4.7 

*Insuf f icient  Sample 

Hanks  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-104  (cont'd) 
Location:   75'  N.  &  150'  W.  of  SE  Corner, 
Logged  by:   F.  Calcagno 
Date:   March  1982 


Sec.  19,  T.  158  N.,  R.  102  W. , 
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LABORATORY  DESCRIPTION 


DETERMINATION 

( percent) 

Data 

LABORATORY  NUMBER 

21,596 

21,597 

21,598 

21,599 

21,600 

21,601 

SACK  NUMBER 

104-7 

104-8 

104-9 

104-10 

104-11 

104-12 

DEPTH  (  FT) 

85.0-100.2 

100.2-115.0 

115.0-122.2 

122.2-133.3 

133.3-161.0 

161.0-185.5 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

0.1 

- 

- 

- 

0.2 

- 

Coarse  Sand 

(  1.0-0.5  mm) 

1.5 

- 

- 

- 

0.8 

- 

Medium  Sand 

(0.5-0.25  mm) 

25.1 

- 

- 

- 

10.8 

- 

Fine  Sand 

(0.25-0.10  mm) 

50.1 

- 

- 

- 

36.1 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

6.9 

- 

- 

- 

28.8 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

83.7 

3.0 

3.5 

30.1 

76.7 

16.8 

SILT 

(0.05-0.002  mm) 

8.0 

64.1 

74.6 

52.6 

12.0 

62.0 

CLAY 

(0.002  mm) 

8.3 

32.9 

22.9 

17.3 

11.3 

21.2 

GRAVEL 

( percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

LFS 

SiCL 

S1L 

S1L 

FSL 

SiL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

2.60 

Trace 

Trace 

0.08 

1.16 

0.02 

24th  Hr. 

2.52 

Trace 

Trace 

0.08 

1.16 

Trace 

SETTLING  VOLUME 

(ml) 

19.0 

34.0 

32.0 

25.0 

20.0 

26.0 

MOISTURE  RETENTION 

(%) 

1/3  bar 

- 

- 

- 

- 

- 

- 

15  bar 

- 

26.6 

26.9 

15.9 

7.3 

22.1 

SOIL  REACTION-pH 

Paste 

7.7 

7.2 

8.0 

8.1 

7.7 

7.9 

1:5  H2o 

8.4 

7.5 

7.3 

- 

8.0 

8.3 

1:2  0.01  _M_  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-3.3 

-7.0 

-0.2 

1.4 

0.6 

2.2 

SATURATION  EXTRACT 

Saturation  Percentage 

37.0 

74.7 

70.7 

53.7 

42.1 

67.9 

ECe(?25'C 

( mmhos/cm) 

2.15 

4.3 

2.25 

3.8 

2.30 

2.00 

Ca++  +  Mg++ 

(me/1) 

19.1 

52.8 

21.9 

47.4 

19.9 

8.6 

Mg-H- 

(me/1) 

- 

- 

- 

- 

- 

- 

Na++ 

(me/1) 

5.3 

5.5 

4.0 

5.9 

6.3 

11.7 

K+ 

(me/1) 

0.4 

1.1 

1.0 

0.8 

0.4 

0.7 

co3_ 

(me/1) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HC03_ 

(me/1) 

3.3 

2.9 

3.2 

3.1 

2.8 

4.9 

Cl- 

(me/1) 

1.9 

0.3 

0.2 

0.4 

1.4 

0.2 

so^_ 

(me/1) 

19.0 

56.0 

24.5 

50.0 

23.0 

15.6 

N03_ 

(me/1) 

1.3 

0.8 

0.2 

0.3 

0.3 

0.3 

SAR 

(me/1) 

1.7 

1.1 

1.2 

1.2 

2.0 

5.6 

Na 

(me/lOOg) 

0.2 

0.4 

0.3 

0.3 

0.3 

0.8 

Ca+Mg 

(me/lOOg) 

0.7 

3.9 

1.5 

2.5 

0.8 

0.6 

1:5  EXTRACT 

EC5@25°C 

( mmhos/cm) 

0.23 

2.11 

0.61 

1.15 

0.35 

0.53 

Ca+Mg 

(me/1) 

1.4 

22.6 

4.0 

10.9 

2.3 

1.9 

EXCHANGEABLE  SODIUM 

( percent) 

2.04 

1.00 

1.27 

2.03 

1.36 

6.56 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

12.93 

38.91 

27.82 

22.28 

14.34 

26.30 

NaOAcUpH  8.2 

SILVER  (  Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

BORON  (  B) 

(ppm) 

1.2 

1.4 

0.8 

1.4 

1.5 

l.l 

CADMIUM  (Cd) 

(  ppm) 

<0.1 

<0.1 

0.2 

0.1 

<0.1 

<0.1 

COPPER  (  Cu) 

(  ppm) 

0.7 

6.9 

7.2 

2.4 

1.1 

5.7 

IRON  (  Fe) 

(ppm) 

1.6 

3.7 

3.7 

3.7 

1.8 

7.9 

MERCURY  (  Hg) 

(ppm) 

0.05 

0.20 

0.20 

0.10 

0.05 

0.20 

MANGANESE  (  Mn) 

(  ppm) 

9.6 

6.7 

32.3 

13.8 

10.6 

17.9 

MOLYBDENUM  (  Mo) 

(  ppm) 

0.1 

0.1 

0.3 

<0.1 

<0.1 

0.2 

NICKEL  (  Nl) 

(ppm) 

0.1 

1.6 

1.7 

0.7 

0.3 

1.2 

LEAD  (  Pb) 

(  ppm) 

0.6 

2.4 

3.6 

1.1 

0.9 

5.5 

SELENIUM  ( Se) 

(ppm) 

<0.1 

0.1 

0.1 

<0.1 

<0.1 

0.1 

ZINC  (  Zn) 

(  ppm) 

5.8 

2.6 

3.9 

1.6 

4.7 

4.5 

*Insuf f tcient  Sample 

Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-104  (cont'd) 

Location:   75'  N.  &  150'  W.  of  SE  Corner,  Sec.  19,  T.  158  N., 

Logged  by:   F.  Calcagno 

Date:   March  1982 
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LABORATORY  DESCRIPTION 


DETERMINATION 


LABORATORY  NUMBER 

( percent) 

21,602 

21,603 

21  ,604 

21,605 

21,606 

21,607 

SACK  NUMBER 

104-13 

104-14 

104-15 

104-16 

104-17 

104-18 

DEPTH  (  FT) 

185.5-191.5 

191.5-196.5 

196.5-217.3 

218.5-231.5 

231.5-235.4 

161.0-185.5 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

- 

- 

- 

- 

- 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

25.2 

14.2 

34.8 

9.7 

1.4 

1.6 

SILT 

(0.05-0.002  mm) 

56.7 

62.6 

64.4 

48.7 

66.3 

54.4 

CLAY 

(0.002  mm) 

18.1 

23.2 

18.8 

41.6 

32.3 

44.0 

GRAVEL 

(percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

S1L 

S1L 

L 

SIC 

S1CL 

SIC 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.06 

0.00 

0.02 

0.00 

0.00 

0.00 

24th  Hr. 

0.04 

0.00 

0.02 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

26.0 

31.0 

24.0 

36.0 

42.0 

62.0 

MOISTURE  RETENTION 

(%> 

1/3  bar 

- 

- 

- 

- 

- 

- 

15  bar 

15.9 

23.4 

15.0 

28.9 

30.5 

32.5 

SOIL  REACTION-pH 

Paste 

8.3 

7.8 

8.4 

8.3 

8.3 

8.3 

1:5  H20 

8.8 

* 

8.9 

8.7 

8.8 

8.9 

1:2  0.01  _M   CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

2.2 

5.4 

5.8 

7.8 

7.8 

11.6 

SATURATION  EXTRACT 

54.0 

59.7 

45.8 

62.6 

72.6 

Saturation  Percentage 

88.6 

ECe@25'C 

(mmhos/cm) 

1.85 

1.60 

1.81 

3.0 

2.41 

2.55 

Ca++  +  Mg-H- 

(me/1) 

7.8 

4.6 

3.4 

3.2 

1.7 

1.3 

Mg++ 

(me/1) 

- 

- 

- 

- 

- 

- 

Na++ 

(me/1) 

9.6 

10.9 

14.0 

27.7 

22.1 

24.3 

K+ 

(me/1) 

0.4 

0.7 

0.4 

0.6 

0.4 

0.4 

co3_ 

(me/1) 

0.0 

0.0 

0.1 

0.1 

0.0 

0.2 

HCOj_ 

(me/1) 

3.0 

6.5 

5.0 

11.9 

9.2 

11.4 

Cl- 

(me/1) 

0.1 

0.2 

0.2 

0.4 

0.8 

0.4 

so4. 

(me/1) 

14.0 

9.4 

12.4 

18.5 

14.0 

14.0 

N03_ 

(me/1) 

0.3 

0.2 

0.3 

0.2 

0.1 

0.1 

SAR 

(me/1) 

4.9 

7.2 

10.7 

21.9 

24.0 

30.1 

Na 

(me/lOOg) 

0.5 

0.7 

0.6 

1.7 

1.6 

2.2 

Ca+Mg 

(me/lOOg) 

0.4 

0.3 

0.2 

0.2 

0.1 

0.1 

1:5  EXTRACT 

EC5925'C 

( mmhos/cm) 

0.46 

0.40 

0.32 

0.63 

0.62 

0.75 

Ca+Mg 

(me/1) 

1.7 

0.9 

0.2 

0.4 

0.2 

0.2 

EXCHANGEABLE  SODIUM 

( percent) 

5.74 

8.59 

14.31 

20.51 

26.84 

29.44 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

23.36 

26.30 

17.93 

30.76 

24.85 

27.17 

NaOAc(?pH  8.2 

SILVER  (Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

BORON  (  B) 

(ppm) 

1.5 

0.4 

0.7 

2.6 

1.0 

1.2 

CADMIUM  (  Cd) 

(ppm) 

0.2 

0.2 

<0.1 

0.2 

<0.1 

-/l 

COPPER  (  Cu) 

(ppm) 

4.6 

6.3 

2.9 

5.3 

6.5 

7.2 

IRON  (  Fe) 

(  ppm) 

2.6 

9.7 

4.1 

7.6 

12.7 

13.6 

MERCURY  (Hg) 

(ppm) 

0.20 

0.25 

0.20 

0.20 

0.10 

0.15 

MANGANESE  (  Mn) 

(ppm) 

4.7 

18.0 

5.0 

9.9 

29.6 

26.3 

MOLYBDENUM  ( Mo) 

(ppm) 

0.3 

0.4 

0.5 

0.8 

1.0 

0.7 

NICKEL  (  Nl) 

(ppm) 

2.7 

2.2 

1.6 

2.1 

3.2 

3.7 

LEAD  (  Pb) 

(  ppm) 

2.5 

6.0 

3.2 

5.0 

3.7 

5.0 

SELENIUM  ( Se) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

ZINC  ( Zn) 

(ppm) 

7.3 

6.0 

4.7 

6.0 

12.3 

8.5 

*Insuf f iclent  Sample 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-104  (cont'd) 

Location:   75'  N.  4  150'  U.  of  SE  Corner,  Sec  19,  T.  158  N.,  R.  102  W. 

Logged  by:   F.  Calcagno 

Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (  FT) 

PARTICLE  SIZE  ANALYSIS 


LABORATORY  DESCRIPTION 


21,608 

21,609 

21,610 

21,611 

21,612 

104-19 

104-20 

104-21 

104-22 

104-23 

245.9-263.2 

263.2-267.9 

267.9-284.6 

284.6-308.8 

308.8-332.5 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  ( LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe?25°C 

Ca-H-  +  Mg++ 

Mg++ 

Na++ 

K+ 

co3_ 

HC03_ 
Cl- 

so4_ 

N0j_ 
SAR 

Na 

Ca+Mg 
1:5  EXTRACT 
EC5@25°C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
NaOAcOpH  8.2 


(percent) 
(  2.0-1.0  mm) 
(  1.0-0.5  mm) 
(0.5-0.25  mm) 
(0.25-0.10  mm) 
(0.10-0.05  mm) 
(2.0-0.05  mm) 
(0.05-0.002  mm) 
(0.002  mm) 
( percent) 

(ln/hr) 


(me/lOOg) 


(  mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/I) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmho8/cm) 

(me/1) 

( percent) 

(me/lOOg) 


32.1 
44.0 
23.9 


8.5 

9.3 


90.9 
2.02 
0.7 

20.0 
0.3 
0.4 

11.4 
0.2 
9.6 
0.2 

33.8 
1.8 
0.1 

0.65 

0.2 

40.79 

21.08 


1.4 
50.4 
48.2 


8.4 
9.1 


105.9 
2.25 
0.4 

23.4 
0.3 
0.3 

13.7 
0.2 
9.0 
0.2 

52.3 
2.5 

<0.1 

0.84 

0.1 

44.43 

31.50 


10.3 
63.3 
26.4 


8.6 
9.3 


86.9 
2.25 

0.5 

24.1 
0.3 
0.2 

13.5 
0.2 

10.4 
0.2 

48.2 
2.1 

<0.1 

0.75 

0.1 

47.59 

20.86 


5.4 
56.1 
38.5 


98.5 
2.40 
0.4 

24.9 
0.3 
0.3 

13.8 
0.1 

10.0 
0.2 

55.7 
2.5 

<0.1 

0.69 

0.2 

26.51 

25.43 


0.6 
60.2 
39.2 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

72.0 

80.0 

98.0 

147.0 

214.0 

(%) 

8.8 
9.1 


138.0 
1.84 
0.4 

19.4 
0.2 
0.1 

14.3 

<0.1 
4.5 
0.1 

43.4 
2.7 
0.1 

0.82 
0.2 
56.89 
32.06 


SILVER  (Ag) 
BORON  ( B) 
CADMIUM  (  Cd) 
COPPER  (Cu) 
IRON  (  Fe) 
MERCURY  (  Hg) 
MANGANESE  ( Mn) 
MOLYBDENUM  (Mo) 
NICKEL  ( Nl) 
LEAD  (  Pb) 
SELENIUM  (  Se) 
ZINC  (  Zn) 
♦Insufficient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.9 

1.4 

0.8 

0.5 

0.7 

(ppm) 

0.1 

0.2 

•CO.l 

0.2 

<0.1 

(ppm) 

2.2 

7.3 

3.2 

6.7 

9.9 

(ppm) 

7.9 

10.1 

9.3 

13.4 

10.1 

(ppm) 

0.15 

0.10 

0.15 

0.25 

0.25 

(ppm) 

14.4 

37.1 

21.3 

31.0 

14.0 

(ppm) 

0.3 

0.7 

0.6 

1.0 

0.5 

(ppm) 

2.1 

3.6 

2.4 

3.6 

1.7 

(ppm) 

2.0 

6.0 

1.9 

4.4 

7.1 

(ppm) 

<0.1 

0.5 

0.1 

0.1 

0.3 

(ppm) 

5.0 

10.7 

5.1 

7.8 

5.4 

Hanks  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-105 
Location:   80'  N.  S  30'  W.  of  SE  Corner, 
Logged  by:   F.  Calcagno 
Date:   February  1982 
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LABORATORY  DESCRIPTION 


DETERMINATION 

( percent) 
(2.0-1.0  mm) 

Data 

J!  1,57  2 

_  105-^ 

LABORATORY  NUMBER 

21.568 

21,569 

21,570 

_2JLA571_  _ 

21.573 

SACK  NUMBER 

105-1 

105-2 

105-3 

i05z*__ 

_   JO  5-6 

DEPTH  (FT) 

0.0-0.67 

0.67-2.75 

2.75-7.5 

7.5-10.0 

39.5-48.6 

PARTICLE  SIZE  ANALYSIS 

_ 

_ 

_ 

0.0 

0.0 

Very  Coarse  Sand 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

- 

0.0 

0.0 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

25.7 

21.9 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

41.9 

50.5 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

5.6 

6.4 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

35.4 

41.2 

31.8 

74.0 

79.7 

10.4 

SILT 

(0.05-0.002  mm) 

33.0 

31.1 

39.3 

16.8 

13.1 

78.6 

CLAY 

(0.002  mm) 

31.6 

27.7 

28.9 

9.2 

7.2 

11.0 

GRAVEL 

( percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

CL 

CL 

CL 

FSL 

LFS 

S1L 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.04 

0.28 

0.0 

2.52 

2.29 

0.10 

24th  Hr. 

0.02 

0.20 

Trace 

2.56 

2.21 

0.10 

SETTLING  VOLUME 

(ml) 

28.0 

23.0 

23.0 

19.0 

19.0 

25.0 

MOISTURE  RETENTION 

(*> 

1/3  bar 

- 

- 

- 

- 

- 

- 

15  bar 

12.0 

13.3 

15.7 

5.2 

4.8 

13.9 

SOIL  REACTION-pH 

Paste 

8.0 

8.0 

8.3 

7.9 

7.5 

7.8 

1:5  H20 

8.6 

8.2 

8.8 

8.3 

7.9 

7.3 

1:2  0.01  _M  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

0.6 

0.4 

1.7 

1.0 

3.7 

-0.2 

SATURATION  EXTRACT 

Saturation  Percentage 

48.5 

45.9 

51.4 

31.6 

32.1 

57.9 

ECe@25'C 

(mmhos/cm) 

0.62 

0.96 

0.70 

2.75 

3.9 

2.70 

Ca++  +■  Mg++ 

(me/1) 

4.7 

7.8 

1.7 

20.2 

45.6 

32.7 

Mg-H- 

(me/1) 

- 

- 

- 

- 

- 

- 

Na++ 

(me/ 1) 

1.3 

1.2 

5.2 

11.0 

6.3 

2.2 

K+ 

(me/1) 

0.3 

0.4 

0.2 

0.5 

0.8 

0.6 

co3_ 

(me/1) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HCOj_ 

(me/1) 

4.2 

4.6 

4.8 

3.2 

2.2 

4.7 

Cl- 

(me/1) 

0.2 

1.1 

0.4 

0.4 

2.0 

1.1 

so4. 

(me/1) 

1.4 

1.7 

1.5 

28.5 

47.0 

30.5 

N03_ 

(me/1) 

0.5 

2.0 

0.3 

0.4 

0.2 

0.2 

SAR 

(me/1) 

0.8 

0.6 

5.6 

3.5 

1.3 

0.5 

Na 

(me/lOOg) 

0.1 

0.1 

0.3 

0.3 

0.2 

0.1 

Ca+Mg 

(me/lOOg) 

0.2 

0.4 

0.1 

0.6 

1.5 

1.9 

1:5  EXTRACT 

EC5?25°C 

( mmhos/cm) 

0.35 

0.20 

0.18 

0.29 

1.32 

0.50 

Ca+Mg 

(me/1) 

1.9 

1.5 

0.8 

1.4 

11.4 

3.9 

EXCHANGEABLE  SODIUM 

( percent) 

1.28 

0.57 

5.91 

6.33 

2.13 

0.90 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

19.55 

23.47 

19.45 

10.10 

9.34 

22.50 

NaOAc?pH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

<0.1 

<0.1 

BORON  (  B) 

(ppm) 

- 

- 

- 

- 

1.6 

2.3 

CADMIUM  (  Cd) 

(ppm) 

- 

- 

- 

- 

<0.1 

<0.1 

COPPER  (Cu) 

(ppm) 

- 

- 

- 

- 

0.4 

4.2 

IRON  (  Fe) 

(ppm) 

- 

- 

- 

- 

2.1 

10.6 

MERCURY  (Hg) 

(ppm) 

- 

- 

- 

- 

0.05 

0.20 

MANGANESE  (  Mn) 

(ppm) 

- 

- 

- 

- 

10.5 

6.9 

MOLYBDENUM  (Mo) 

(ppm) 

- 

- 

- 

- 

<0.1 

<0.1 

NICKEL  (  Nl) 

(ppm) 

- 

- 

- 

- 

0.5 

1.0 

LEAD  (  Pb) 

(ppm) 

- 

- 

- 

- 

0.9 

1.7 

SELENIUM  (Se) 

(ppm) 

- 

- 

- 

- 

<0.1 

<0.1 

ZINC  (  Zn) 

(ppm) 

- 

- 

- 

- 

1.0 

3.0 

*Insuf f lclent  Sample 
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Hanks  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-105  (cont'd) 
Location:   80'  N.  S  30'  W.  of  SE  Corner, 
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LABORATORY  DESCRIPTION 


DETERMINATION 

(  percent) 

Data 

LABORATORY  NUMBER 

21,574 

21,575 

21,576 

21,577 

21,578 

21,579 

SACK  NUMBER 

105-7 

105-8 

105-9 

105-10 

105-11 

105-12 

DEPTH  (FT) 

58.0-78.0 

78.0-93.0 

93.0-98.0 

101.5-118.0 

118.0-136.0 

138.0-146.2 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

- 

- 

0.0 

- 

- 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

0.2 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

11.9 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

34.3 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

24.3 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

12.6 

19.6 

70.7 

14.7 

13.1 

2.3 

SILT 

(0.05-0.002  mm) 

63.3 

62.6 

19.8 

63.4 

50.5 

41.4 

CLAY 

(0.002  mm) 

24.1 

17.8 

9.5 

21.9 

36.4 

56.3 

GRAVEL 

( percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

S1L 

SiL 

FSL 

SIL 

SiCL 

SiC 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.00 

0.03 

0.63 

0.00 

0.00 

0.00 

24th  Hr. 

0.00 

0.02 

0.47 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

29.0 

25.0 

19.0 

27.0 

75.0 

142.0 

MOISTURE  RETENTION 

(*) 

1/3  bar 

- 

- 

- 

- 

- 

- 

15  bar 

22.6 

13.6 

5.8 

18.2 

32.9 

42.0 

SOIL  REACTION-pH 

Paste 

7.7 

7.8 

8.1 

8.0 

8.3 

8.3 

1:5  H20 

8.5 

8.6 

9.2 

9.1 

9.4 

9.4 

1:2  0.01  _M_  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

4.2 

6.9 

-0.2 

3.1 

8.5 

14.1 

SATURATION  EXTRACT 

70.0 

56.9 

37.9 

60.2 

98.1 

118.1 

Saturation  Percentage 

ECe925'C 

( mmhos/cra) 

1.92 

2.00 

1.90 

1.77 

1.98 

2.40 

Ca++  +  Mg-H- 

(me/1) 

10.8 

10.5 

9.6 

2.1 

0.5 

0.6 

Mg++ 

(me/l) 

- 

- 

- 

- 

- 

- 

Na-H- 

(me/1) 

8.4 

10.3 

10.0 

14.4 

19.6 

23.8 

K+ 

(me/1) 

0.9 

0.8 

0.6 

0.5 

0.3 

0.3 

co3_ 

(me/1) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HC03. 

(me/1) 

2.8 

5.2 

3.3 

6.0 

11.4 

12.1 

Cl- 

(me/1) 

0.1 

0.3 

0.5 

0.3 

<0.1 

0.1 

so4_ 

(me/l) 

17.0 

16.2 

15.8 

10.6 

8.8 

11.6 

N03_ 

(me/l) 

0.2 

0.3 

0.3 

0.1 

0.1 

0.1 

SAR 

(me/l) 

3.6 

4.5 

4.6 

14.1 

39.2 

43.5 

Na 

(me/lOOg) 

0.6 

0.6 

0.4 

0.9 

1.9 

2.8 

Ca+Mg 

(me/lOOg) 

0.8 

0.6 

0.4 

0.1 

<0.1 

0.1 

1:5  EXTRACT 

EC5@25'C 

(  mmhos/cra) 

0.51 

0.35 

0.31 

0.40 

0.63 

0.96 

Ca+Mg 

(me/l) 

2.1 

1.4 

1.2 

0.5 

0.4 

0.3 

EXCHANGEABLE  SODIUM 

( percent) 
1              (me/lOOg) 

4.52 
26.30 

5.51 
20.65 

5.12 
11.19 

14.56 
21.03 

32.33 
25.54 

39.04 
31.52 

CATION  EXCHANGE  CAPACIT 

Na0Ac@pH  8.2 


SILVER  (  Ag) 

BORON  (  B) 

CADMIUM  (  Cd) 

COPPER  (  Cu) 

IRON  ( Fe) 

MERCURY  (  Hg) 

MANGANESE  (  Mn) 

MOLYBDENUM  ( Mo) 

NICKEL  (  Ni) 

LEAD  (  Pb) 

SELENIUM  (  Se) 

ZINC  (  Zn) 

*Insuf f lcient  Sample 


(  ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(  ppm) 
(ppm) 


<0.1 
2.1 

<0.1 
6.6 
4.7 
0.75 

12.6 
0.7 
1.3 
5.9 

<0.1 
3.8 


<0.1 
2.3 

<0.1 
3.2 
5.0 
0.25 

13.0 
0.7 
1.6 
3.4 

<0.1 
3.2 


<0.1 
1.3 

<0.1 
1.8 
2.3 
0.15 
3.3 
0.4 
0.7 
1.5 

<0.1 
3.3 


<0.1 
1.1 

<0.1 
1.5 
2.7 
0.20 

11.9 
0.7 
0.2 
1.8 

<0.1 
1.2 


<0.1 
0.4 
0.2 
5.4 

11.6 
0.30 

28.7 
0.6 
3.8 
3.7 

<0.1 
6.3 


<0.1 
1.6 
0.2 
9.7 

10.0 
0.25 

20.9 
1.1 
3.4 
8.2 

<0.l 
8.4 


Hanks  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-105  (cont'd) 
Location:   80'  N.  i   30'  W.  of  SE  Corner 
Logged  by:   F.  Calcagno 
Date:   February  1982 
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LABORATORY  DESCRIPTION 


DETERMINATION 

( percent) 

Data 

LABORATORY  NUMBER 

21,580 

21,581 

21,582 

21,583 

21,584 

21,585 

SACK  NUMBER 

105-13 

105  :4 

105-15 

105-16 

105-17 

105-18 

DEPTH  (FT) 

146.7-136.3 

156.6-172.0 

172.0-176.6 

181.7-195.0 

203.2-213.3 

213.3-234.5 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

- 

- 

- 

- 

- 

- 

Coarse  Sand 

( 1.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

3.8 

1.4 

15.1 

11.0 

1.9 

15.8 

SILT 

(0.05-0.002  mm) 

69.1 

41.6 

53.7 

58.5 

66.7 

56.1 

CLAY 

(0.002  mm) 

27.1 

57.0 

31.2 

30.5 

31.4 

28.1 

GRAVEL 

( percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

SiCL 

SIC 

SiCL 

SiCL 

SiCL 

SiCL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

100.0 

138.0 

42.0 

93.0 

257.0 

140.0 

MOISTURE  RETENTION 

(%) 

1/3  bar 

- 

- 

- 

- 

- 

- 

15  bar 

37.5 

34.3 

34.9 

59.5 

48.2 

35.2 

SOIL  REACTION-pH 

Paste 

8.6 

8.6 

8.4 

8.9 

9.0 

8.9 

1:5  H20 

9.6 

9.4 

8.5 

9.4 

9.5 

9.8 

1:2  0.01  _M  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

9,8 

13.7 

14.5 

21.6 

17.3 

10.5 

SATURATION  EXTRACT 

Saturation  Percentage 

86.1 

113. 9 

74.5 

126.2 

135.5 

83.6 

E&e825°C 

( mmhos/cm) 

2.42 

2.75 

5.5 

2.55 

2.05 

2.01 

Ca++  +  Mg++ 

(me/1) 

0.4 

0.4 

1.2 

0.3 

0.4 

0.3 

Mg++ 

(me/1) 

- 

- 

- 

- 

- 

- 

Na++ 

(me/1) 

24.6 

28.3 

58.3 

26.4 

22.1 

21.9 

K+ 

(me/1) 

0.3 

0.3 

0.4 

0.2 

0.2 

0.2 

co3_ 

(me/1) 

0.1 

0.2 

1.4 

1.3 

0.0 

1.1 

HC0j_ 

(me/1) 

12.3 

14.3 

18.4 

16.7 

14.8 

15.7 

Cl- 

(me/1) 

0.1 

<0.l 

0.2 

<0.1 

<0.1 

<0.1 

S04- 

(me/1) 

12.0 

13.2 

37.5 

7.8 

6.7 

5.0 

N03_ 

(me/l) 

0.1 

0.1 

0.2 

0.3 

0.1 

<0.1 

SAR 

(me/1) 

55.0 

63.3 

75.3 

68.2 

49.4 

56.5 

Na 

(me/lOOg) 

2.1 

3.2 

4.3 

3.3 

3.0 

1.8 

Ca+Mg 

(rae/lOOg) 

<0.1 

<0.l 

0.1 

<0.1 

0.1 

<0.1 

1:5  EXTRACT 

EC5@25°C 

( mmhos/cra) 

0.70 

1.00 

0.89 

1.04 

0.90 

0.63 

Ca+Mg 

(rae/1) 

0.4 

0.4 

0.4 

0.2 

0.4 

0.2 

EXCHANGEABLE  SODIUM 

( percent) 

37.17 

46.52 

44.90 

64.02 

46.21 

45.98 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

23.80 

27.06 

30.00 

34.02 

30.86 

17.39 

NaOAcSpH  8.2 

SILVER  (Ag) 

(  ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

BORON  (B) 

(ppm) 

0.7 

0.9 

2.7 

1.0 

0.5 

<0.1 

CADMIUM  (Cd) 

(ppm) 

0.1 

0.1 

0.1 

<0.l 

0.1 

<0.1 

COPPER  (Cu) 

(  ppm) 

4.3 

9.9 

5.3 

4.9 

4.7 

3.3 

IRON  ( Fe) 

(ppm) 

8.1 

10.5 

6.0 

5.6 

11.0 

8.1 

MERCURY  (Hg) 

(ppm) 

0.25 

0.30 

0.25 

0.25 

0.25 

0.15 

MANGANESE  (  Mn) 

(ppm) 

28.8 

20.2 

5.1 

5.3 

18.2 

19.2 

MOLYBDENUM  (Mo) 

(ppm) 

0.4 

1,3 

0.7 

1.8 

0.6 

0.2 

NICKEL  (  Ni) 

(ppm) 

2.1 

6.2 

3.3 

1.2 

2.4 

0.9 

LEAD  (  Pb) 

(  ppm) 

2.7 

7.4 

6.7 

5.2 

3.4 

3.0 

SELENIUM  (Se) 

(ppm) 

<0.1 

<0.1 

<0.1 

0.2 

0.1 

<0.l 

ZINC  (  Zn) 

(ppm) 

6.4 

10.6 

5.8 

5.6 

7.1 

4.2 

*Insuf f lclent  Sample 
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Hanks  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-105  (cont'd) 
Location:   80'  N.  4  30'  W.  of  SE  Corner 
Logged  by:   F.  Calcagno 
Date:   February  1982 


DETERMINATION 

L ABO RATOR Y  NUMBER 
SACK  NUMBER 
DEPTH  (  FT) 


Sec.  34,  T.  158  N. ,  R.  101  W. 


__n,J86__ 
105-19 


21,587 
105-20 


LABORATORY  DESCRIPTION 
Data 

21,588 


21,589 


105-22 


234.5-245.3 


245.3-258.3 


258.3-273.0 


PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (  LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 


( percent) 

(2.0-1.0  mm) 

( 1.0-0.5  mm) 

(  0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

( 2.0-0.05  mm) 

0.05-0.002  mm) 

(  0.002  mm) 

( percent) 

(ln/hr) 


4.7 
69.5 
25.8 


24.7 
52.4 
22.9 


2.3 
59.5 
38.2 


273.0-291.5 


1.9 
67.9 
30.2 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

136.0 

158.0 

186.0 

136.0 

(X) 

1/3  bar 

- 

- 

- 

- 

15  bar 

32.2 

34.3 

31.2 

33.4 

SOIL  REACTION-pH 

Paste 

9.0 

8.8 

9.0 

8.9 

1:5  H20 

9.8 

9.7 

9.7 

9.6 

1:2  0.01  _M_  CaClj 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

10.1 

11.7 

12.3 

0.6 

SATURATION  EXTRACT 

Saturation  Percentage 

78.6 

88.2 

88.3 

68.1 

ECe?25°C 

(  mmhos/cm) 

2.80 

2.45 

2.50 

2.64 

Ca++  +  Mg-H- 

(me/1) 

0.3 

0.3 

0.2 

0.3 

Mg++ 

(me/1) 

- 

- 

- 

- 

Na++ 

(me/1) 

28.5 

26.0 

26.3 

28.4 

K+ 

(me/1) 

0.3 

0.2 

0.2 

0.2 

co3_ 

(me/1) 

0.1 

1.0 

2.3 

0.9 

HC03_ 

(me/1) 

13.7 

16.3 

17.8 

17.4 

Cl- 

(me/1) 

<0.l 

<0.1 

<0.1 

<0.1 

so4. 

(me/1) 

15.2 

8.0 

6.3 

10.4 

NOj_ 

(me/1) 

0.1 

0.1 

0.2 

0.2 

SAR 

(me/1) 

73.6 

67.1 

83.2 

73.3 

Na 

(me/lOOg) 

2.2 

2.3 

2.3 

1.9 

Ca+Mg 

(me/lOOg) 

<0.1 

<0.1 

<0.1 

<0.1 

1:5  EXTRACT 

EC5@25°C 

( mmhos/cm) 

0.80 

0.76 

0.81 

0.71 

Ca+Mg 

(rae/1) 

0.2 

0.3 

0.2 

0.4 

EXCHANGEABLE  SODIUM 

( percent) 

36.29 

41.11 

24.50 

20.11 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

20.85 

22.50 

38.15 

37.06 

NaOAc@pH  8.2 

SILVER  (  Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

BORON  (  B) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

jADMIUM  (Cd) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

COPPER  (  Cu) 

(ppm) 

2.5 

2.7 

5.4 

4.4 

IRON  ( Fe) 

(ppm) 

8.1 

9.5 

12.0 

9.0 

MERCURY  (  Hg) 

(ppm) 

0.20 

0.20 

0.20 

0.20 

MANGANESE  (  Mn) 

(  ppm) 

21.8 

20.7 

24.1 

21.4 

MOLYBDENUM  (  Mo) 

(  ppm) 

0.6 

0.3 

0.4 

0.5 

NICKEL  ( Ni) 

(ppm) 

1.2 

2.7 

1.4 

0.9 

LEAD  (  Pb) 

(ppm) 

2.4 

2.4 

3.5 

3.1 

SELENIUM  (Se) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

ZINC  (  2n) 

(ppm) 

3.7 

4.5 

4.3 

2.8 

*Ineuf f lclent  Sample 

Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-106 

Location:   85'  N.  &  2275'  E.  of  SW  Corner,  Sec.  15,  T.  157  N. 

Logged  by:   C.  Botdorf 

Date:   October  1982 
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LABORATORY   DESCRIPTION 


DETERMINATION 

(percent) 

Data 

LABORATORY  NUMBER 

1 

2 

3 

4 

5 

6 

SACK  NUMBER 

106-1 

106-2 

106-3 

106-4 

106-5 

106-6 

DEPTH  (FT) 

0-0.92 

0.92-2.33 

2.33-5.0 

5.0-10.0 

10.0-14.0 

14.0-23.0 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

- 

- 

- 

- 

- 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

r 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

38.6 

32.4 

32.6 

36.8 

36.8 

34.4 

SILT 

(0.05-0.002  mm) 

32.0 

30.4 

32.2 

32.0 

33.8 

34.4 

CLAY 

(0.002  mm) 

29.0 

37.2 

35.2 

31.2 

29.4 

31.2 

GRAVEL 

(percent) 

9.0 

1.0 

2.8 

3.9 

3.9 

3.4 

TEXTURAL  CLASS  (LAB) 

CL 

CL 

CL 

CL 

CL 

CL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

* 

0.12 

0.00 

0.75 

* 

0.50 

24th  Hr. 

♦ 

0.13 

0.00 

0.75 

* 

0.54 

SETTLING  VOLUME 

(ml) 

21.5 

22.0 

23.0 

20.5 

20.5 

21.5 

MOISTURE  RETENTION 

(*) 

1/3  bar 

30.7 

29.2 

35.5 

27.7 

26.3 

27.9 

15  bar 

15.0 

14.2 

13.7 

14.3 

13.9 

14.2 

SOIL  REACTION-pH 

Paste 

- 

- 

- 

- 

- 

- 

1:5  H20 

8.1 

8.8 

8.8 

7.9 

8.0 

8.2 

1:2  0.01  _M_  CaCl2 

6. A 

6.8 

7.2 

6.8 

6.9 

6.9 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+4.2 

+3.1 

+2.6 

-2.8 

+5.2 

-1.2 

SATURATION  EXTRACT 

Saturation  Percentage 

58.9 

57.5 

69.8 

54.6 

57.6 

52.9 

ECe825°C 

(mmhos/cm) 

0.612 

0.792 

3.008 

7.855 

6.898 

6.365 

Ca++ 

(me/1) 

3.90 

1.10 

0.95 

23.50 

22.00 

23.00 

Mg++ 

(me/1) 

1.97 

3.28 

8.52 

51.23 

26.22 

22.95 

Na++ 

(me/1) 

0.35 

3.60 

22.2 

50.0 

39.0 

39.8 

K+ 

(me/1) 

0.54 

0.29 

0.56 

0.95 

0.90 

0.90 

co3_ 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

HC03_ 

(me/1) 

5.15 

4.22 

3.87 

1.52 

1.39 

1.26 

Cl- 

(me/1) 

0.70 

0.65 

3.65 

5.62 

3.34 

2.33 

so4. 

(me/1) 

0.91 

3.40 

24.71 

118.54 

83.39 

83.1 

N03_ 

(me/1) 

* 

0.005 

0.001 

0.597 

1.194 

1.935 

SAR 

(me/1) 

0.20 

2.4 

10.2 

8.2 

7.9 

8.3 

Na 

(me/lOOg) 

0.02 

0.21 

1.55 

2.73 

2.18 

2.10 

Ca+Mg 

(me/lOOg) 

0.35 

0.25 

0.66 

4.08 

2.78 

2.43 

1:5  EXTRACT 

EC5tf25°C 

(mmlios/cm) 

0.170 

0.320 

0.639 

2.095 

1.188 

1.200 

Ca+Mg 

(me/1) 

1.25 

1.77 

1.31 

18.4 

5.42 

5.73 

EXCHANGEABLE  SODIUM 

(percent) 

0.6 

2.5 

8.7 

7.6 

8.5 

8.9 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

31.0 

28.0 

30.4 

30.0 

26.0 

25.8 

NaOAc@pH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

1.31 

1.24 

1.24 

2.13 

1.67 

0.69 

CADMIUM  (Cd) 

(ppm) 

0.12 

0.02 

0.40 

0.10 

0.14 

0.10 

COPPER  (Cu) 

(ppm) 

3.6 

3.2 

3.2 

2.2 

2.6 

2.2 

IRON  (Fe) 

(ppm) 

189.2 

120.8 

215.2 

184.4 

207.0 

107.2 

MERCURY  (Hg) 

(ppm) 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

MANGANESE  (Mn) 

(ppm) 

31.4 

40.0 

148.4 

104.2 

139.0 

26.2 

MOLYBDENUM  (Mo) 

(ppm) 

0.1 

0.0 

1.0 

0.4 

0.5 

0.3 

NICKEL  (Ni) 

(ppm) 

4.2 

1.2 

3.4 

2.4 

3.2 

1.0 

LEAD  (Pb) 

(ppm) 

2.00 

0.80 

1.60 

1.60 

1.60 

1.20 

SELENIUM  (Se) 

(ppm) 

<0.1 

<0.1 

0.3 

0.6 

0.3 

0.2 

ZINC  (Zn> 

(ppm) 

75.0 

4.4 

6.7 

2.1 

2.5 

1.9 

*Insuf f iclent  Sample 
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Hanks  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-106  (cont'd) 

Location:   85'  N.  4  2275'  E.  of  SW  Corner,  Sec.  15,  T.  157  N.  ,  R.  101  W. 

Logged  by:   C.  Botdorf 

Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK.  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

IEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


MOISTURE  RETENTION 

1/3  bar 

15   bar 
SOIL   REACTION-pH 

Paste 

1:5    H20 

1:2  0.01  _M_  CaClj 
GYP  MM  REQUIREMENT 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


(ml) 
U) 


(me/lOOg) 


SATURATION  EXTRACT 

Saturation 

Percentage 

ECe(?25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Cl- 

(me/1) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

JJ5EXTRACT 

EC5L'25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE 

SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

34.8 
33.8 
31.4 

5.6 

CL 

0.20 
0.20 
22.5 

28.1 
14.0 


LABORATORY  DESCRIPTION 


7 

8 

9 

10 

11 

12 

106-7 

106-8 

106-9 

106-10 

106-11 

106-12 

23.0-40.7 

40.7-55.0 

55.0-71.8 

74.0-82.5 

82.0-88.3 

90.0-114.8 

12.4 
49.4 
38.2 


0.00 
0.00 
68.0 

62.1 
28.2 


55.0 
36.2 


0.00 
0.00 
31.5 

57.0 
36.3 


33.2 

43.6 
23.2 


0.00 
0.00 
23.5 

39.3 
19.1 


2.2 
48.6 
49.2 


2.4 
45.8 
51.8 


0.00 

0.00 

0.00 

0.00 

24.0 

100.0 

75.1 

86.8 

30.7 

33.9 

8.2 

8.9 

8.8 

8.8 

8.8 

9.1 

7.0 

7.1 

7.3 

7.4 

7.6 

7.9 

-0.8 

+6.4 

+5.2 

+0.6 

+7.6 

+13.8 

53.7 

131.0 

104.2 

73.1 

150.6 

157.5 

6.893 

2.028 

2.259 

1.188 

1.325 

2.323 

23.0 

0.55 

0.65 

0.65 

0.28 

0.15 

20.49 

0.66 

0.78 

0.70 

0.26 

0.15 

48.0 

19.3 

21.0 

10.8 

14.0 

25.0 

1.15 

0.40 

0.78 

0.41 

0.42 

0.38 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.35 

3.37 

1-.89 

7.22 

9.78 

20.50 

1.83 

0.50 

0.31 

0.36 

0.22 

0.22 

89.5 

17.04 

12.0 

4.98 

4.96 

4.96 

1.532 

0.323 

0.012 

0.013 

0.000 

0.001 

10.3 

24.8 

24.8 

13.1 

26.9 

64.6 

2.58 

2.50 

2.19 

0.79 

2.11 

3.94 

2.34 

0.16 

0.15 

0.10 

0.08 

0.05 

0.796 

0.586 

0.661 

.422 

.699 

.774 

2.05 

2.02 

1.63 

0.66 

0.40 

2.02 

10.8 

22.6 

21.6 

10.4 

18.6 

36.2 

28.0 

35.0 

26.0 

25.0 

38.0 

40.0 

NaOAcSpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (PB) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insut t iclent  Sample 


(ppm) 

- 

- 

- 

(ppm) 

0.59 

0.36 

0.33 

(ppm) 

0.20 

0.10 

0.12 

(ppm) 

3.2 

4.8 

8.0 

(ppm) 

211.8 

95.0 

121.8 

(ppm) 

0.00 

0.03 

0.00 

(ppm) 

154.4 

5.2 

17.2 

(ppm) 

0.5 

0.5 

1.1 

(ppm) 

3.4 

1.4 

6.0 

(ppm) 

L.40 

2.60 

5.00 

(ppm) 

0.1 

<0.1 

0.1 

(ppm) 

2.4 

2.8 

5.7 

0.13 

0.13 

0.59 

0.10 

0.12 

0.08 

3.4 

12.0 

12.0 

67.2 

123.6 

243.4 

0.00 

0.01 

0.01 

6.2 

13.6 

37.4 

0.3 

0.7 

1.0 

3.4 

8.0 

8.0 

3.20 

7.40 

4.60 

<0.1 

0.1 

<0.1 

5.3 

8.7 

9.3 
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Hanks  Study  Area,  North  Dakota 

Geo  lot,  J  Drill  Hole:   82-106  (cont'd) 

Location:   85'  N.  i  2275'  E.  of  SW  Corner,  Sec.  15,  T.  157  N.,  R.  101  W. 

Logged  by:   C.  Botdort 

Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 


iACK  NUMBER 
DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(U.U02  mm) 

(percent) 

(in/hr) 


MOISTURE  RETENTION 

1/3  bar 

15   bar 
SOIL   REACTION-pU 

Paste 

1:5   H,0 


1:2  0.01  _M  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECeG25°C 
Ca++ 

Mg++ 

Na++ 
K+ 
C0j_ 
HC0. 


N03_ 
SAK 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5»25°C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
NaOAcSpH  8.2 


(me/lOOg) 


(mmhos/ctn) 


(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


LABORATORY  DESCRIPTION 
Data 


13 

14 

15 

16 

17 

18 

106-13 

106-14 

106-1') 

106-16 

106-17 

106-18 

115.0-134.0 

134.0-137.4 

152.0-164.1 

164.1-172.1 

175.0-191.7 

131.7-210.0 

&  145.9-152.0 


8.2 
56.2 
35.6 


9.4 

8.1 

+17.0 

148.8 
2.010 
0.12 
0.11 

21.0 
0.36 
0.00 

15.44 
0.28 
5.87 
0.000 

61.9 
3.12 
0.03 

1.002 
0.49 

46.8 

32.2 


5.2 
62.0 
32.8 


2.4 
52.0 
45.6 


19.4 
46.0 
36.6 


9.3 

8.0 

+12.6 

172.3 
1.619 
0.10 
0.11 

17.9 
0.28 
0.00 

12.63 
0.28 
5.48 
0.001 

55.2 
3.08 
0.04 

.789 
0.91 
49.4 
31.8 


9.8 
9.3 

+18.8 

218.0 
1.712 
0.08 
0.08 

18.8 
0.27 
0.00 

15.17 
0.22 
3.82 

<0.001 

71.1 
4.10 
0.03 

.779 
0.32 
77.0 
37.0 


10.0 

8.6 

+26.0 

272.8 
1.295 
0.04 
0.03 

13.9 
0.14 
0.61 

10.44 
0.17 
2.89 
0.000 

74.3 
3.79 
0.02 

.928 
0.49 
81.0 
40.0 


8.6 
55.8 
35.6 


9.7 

7.6 

+10.4 

98.9 
1.808 
0.08 
0.06 

20.0 
0.28 
0.00 

17.91 
0.36 
2.15 
0.000 

75.6 
1.98 
0.01 

.370 
0.50 
53.0 
20.4 


0.0 

0.1 

8.0 

46.4 

8.1 

62.6 

29.6 

7.8 


0.00 

0.00 

0.00 

0.00 

0.00 

0.16 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 

(ml) 

75.0 

100.0 

320.0 

255.0 

100.0 

17.0 

(X) 

85.7 

89.8 

97.3 

99.0 

56.4 

11.0 

35.4 

37.7 

30.5 

31.3 

29.5 

3.9 

9.4 
7.1 
0.0 

38.9 
1.586 

0.10 
0.12 

16.3 
0.27 
0.00 
6.52 
0.56 
9.71 
0.010 

49.1 
0.63 
0.01 

.358 
0.28 
43.67 
3.6 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Ni) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
insufficient  Sample 


(ppm) 

- 

" 

- 

- 

- 

- 

(ppm) 

0.46 

0.00 

0.23 

0.25 

0.29 

0.59 

(ppm) 

0.08 

0.08 

0.10 

0.06 

0.06 

0.02 

(ppm) 

7.8 

5.8 

10.4 

5.4 

5.2 

1.4 

(ppm) 

148.0 

108.2 

162.8 

64.0 

166.2 

74.6 

(ppm) 

0.00 

0.02 

0.02 

0.01 

0.01 

0.00 

(ppm) 

16.2 

11.0 

17.2 

2.4 

15.4 

4.4 

(ppm) 

0.8 

0.9 

0.5 

2.4 

0.3 

0.1 

(ppm) 

6.0 

8.0 

8.0 

2.0 

1.2 

0.8 

(ppm) 

4.20 

3.80 

5.20 

5.40 

4.60 

1.60 

(ppm) 

<0.1 

<0.1 

<0.1 

.1 

<0.1 

0.3 

(ppm) 

10.0 

5.3 

6.7 

3.7 

3.2 

3.3 
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Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-107 

Location:   1125'  S.  S  1180'  E.  of  NW  Corner,  Sec.  11,  T.  156  N. ,  R.  103  W. 

Logged  by:   C.  Botdorf 

Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(X) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe?25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC0j_ 

(me/1) 

Cl- 

(me/1) 

so4. 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

ECj^'C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

33.8 

32.6 

33.6 

3.3 

CL 

0.73 
0.89 
20.0 

26.4 
13.1 


8.0 

7.4 
-6.4 

52.6 
6.940 
8.60 

75.82 

17.9 
0.51 
U.00 
1.67 
2.14 

99.02 
0.001 
2.8 
0.94 
4.44 

1.130 
9.54 
2.8 
30.2 


LABORATORY  DESCRIPTION 

Data 


19 

20 

21 

22 

23 

24 

107-1 

107-2 

107-3 

107-4 

107-5 

107-6 

2.0-6.0 

6.0-10.0 

10.0-44.6 

44.0-60.0 

60.0-72.2 

72.2-89.6 

35.6 

34.8 
29.6 

2.9 

CL 

0.21 
0.32 
23.0 

26.8 
12.7 


7.9 

6.9 

-3.2 

53.0 
6.202 
7.10 

45.08 

20.6 
0.76 
0.00 
1.85 
1.29 

70.40 
0.000 
4.0 
1.04 
2.77 

1.157 
6.69 
5.5 
24.0 


36.4 
35.0 
28.6 

4.9 

CL 

0.12 
0.11 
23.5 

27.3 
13.3 


7.9 

7.2 

-2.4 

51.9 

4.191 
24.50 
23.77 
10.8 
0.85 
0.00 
1.35 
0.70 
57.87 
0.000 
2.2 
0.56 
2.51 

.863 
6.63 
2.4 
26.2 


28.8 
41.6 
29.6 

3.9 

CL 

0.07 
0.05 
23.0 

26.8 
13.9 


8.1 

7.0 

-2.4 

54.1 
2.454 

11.50 
9.84 
7.5 
0.83 
0.00 
3.30 
0.56 

25.81 
0.000 
2.3 
0.40 
1.15 

.459 
2.43 
2.1 
30.2 


25.0 

0.0 

46.6 

42.8 

28.4 

57.2 

0.76 

- 

0.05 
0.05 
22.0 

29.7 
13.8 


8.1 

7.1 

-2.4 

51.9 
2.181 
3.10 
9.02 
8.0 
1.10 
0.00 
4.06 
0.45 
21.71 
<0.001 
2.7 
0.42 
0.89 

.477 
2.58 
2.8 
23.0 


0 

00 

0 

01.) 

32 

5 

45 

.6 

27 

4 

8.2 

7.4 
+1.2 

83.9 
1.279 
1.90 
2.95 

7.5 

0.79 

0.00 

3.46 

0.31 

9.37 

0.001 

4.8 

0.63 

0.41 

.393 
1.77 
4.9 
36.0 


NaOAcOpH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
•Insufficient  Sample 


(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

1.24 

1.01 

0.66 

0.62 

0.92 

0.88 

(ppm) 

0.06 

0.06 

0.14 

0.06 

0.04 

0.08 

(ppm) 

2.6 

2.8 

3.2 

6.4 

7.0 

10.2 

(ppm) 

206.0 

216.8 

220.0 

186.2 

253.0 

91.0 

(ppm) 

0.01 

0.01 

0.00 

0.00 

0.00 

0.09 

(ppm) 

133.8 

132.2 

125.4 

31.8 

14.4 

9.0 

(ppm) 

0.3 

1.3 

0.4 

0.3 

0.8 

1. 1 

(ppm) 

3.4 

3.4 

3.0 

1.6 

1.6 

8.0 

(ppm) 

1.40 

1.60 

1.60 

1.80 

3.20 

9.00 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

0.2 

(ppm) 

8.2 

3.0 

3.0 

2.8 

2.9 

6.4 

Sand  Creek  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-107  (cont'd) 
Location;   1125'  S.  4  1180'  E.  of  NW  Corner 
Logged  by:   C.  Botdorf 
Date;   October  1982 


Sec.  11,  T.  156  N. ,  R.  103  W. 
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LABORATORY  DESCRIPTION 


DETERMINATION 

(percent) 

Data 

•Site  6 

LABORATORY  NUMBER 

25 

26 

27 

28 

29 

30* 

SACK  NUMBER 

107-7 

107-8 

107-9 

107-10 

107-11 

107-12 

DEPTH  (FT) 

93.5-113.0 

113.0-134.1 

134.1-151.1 

151.1-163.0 

163.0-183.0 

183.0-195.3 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

- 

- 

- 

- 

- 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

1.6 

0.6 

3.6 

9.6 

36.8 

20.8 

SILT 

(0.05-0.002  mm) 

70.2 

52.2 

67.2 

74.2 

48.0 

57.0 

CLAY 

(0.002  mm) 

28.2 

47.2 

29.2 

16.2 

15.2 

22.2 

GRAVEL 

(percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (LAB) 

S1CL 

SIC 

S1CL 

S1L 

L 

S1L 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

'j.')') 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

28.0 

33.0 

27.5 

23.5 

21.5 

50.0 

MOISTURE  RETENTION 

(*) 

1/3  bar 

47.6 

51.5 

48.0 

40.5 

34.1 

70.6 

15  bar 

23.4 

30.1 

25.6 

23.3 

12.5 

34.7 

SOIL  REACTION-pH 

Paste 

- 

- 

- 

- 

- 

- 

1:5  H20 

8.4 

8.5 

8.8 

9.1 

9.2 

9.5 

1:2  0.01  _M_  CaCl2 

7.6 

7.5 

7.7 

7.8 

8.0 

8.5 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+8.6 

+6.0 

+3.2 

+3.4 

+1.8 

+9.2 

SATURATION  EXTRACT 

Saturation  Percentage 

96.9 

109.3 

102.8 

81.6 

66.0 

145.2 

ECeS25°C 

(mmhos/cm) 

1.514 

1.581 

•1.732 

1.951 

2.405 

1.644 

Ca++ 

(me/1) 

1.50 

1.50 

0.42 

0.30 

0.07 

0.14 

Mg++ 

(me/1) 

3.11 

1.31 

0.72 

0.52 

0.13 

0.09 

Na++ 

(me/1) 

10.5 

13.9 

18.0 

19.5 

24.0 

17.9 

K+ 

(me/1) 

0.77 

0.63 

0.60 

0.42 

0.42 

0.26 

co3_ 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.65 

HC03_ 

(me/1) 

4.19 

5.94 

5.24 

7.76 

9.68 

10.28 

Cl- 

(me/1) 

0.28 

0.45 

0.98 

0.45 

0.50 

0.42 

so4. 

(me/I) 

11.41 

10.95 

9.52 

12.83 

14.45 

7.04 

N03_ 

(me/1) 

0.000 

0.000 

0.003 

0.012 

0.011 

0.000 

SAR 

(me/1) 

6.9 

11.7 

23.8 

30.9 

75.9 

52.8 

Na 

(me/lOOg) 

1.02 

1.52 

1.85 

1.62 

1.58 

2.60 

Ca+Mg 

(me/lQOg) 

0.45 

0.31 

0.12 

0.07 

0.01 

0.03 

1:5  EXTRACT 

EC5«25°C 

(mmhos/cm) 

.496 

.544 

.612 

.627 

.509 

.615 

Ca+Mg 

(me/1) 

1.08 

0.68 

0.40 

0.21 

0.75 

0.24 

EXCHANGEABLE  SODIUM 

(percent) 

6.8 

11. 1 

19.8 

29.9 

41.6 

53.1 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

NaOAcBpH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

0.79 

1.34 

0.62 

0.29 

0.59 

0.46 

CADMIUM  (Cd) 

(ppm) 

0.10 

0.10 

0.08 

0.08 

0.10 

0.10 

COPPER  (Cu) 

(ppm) 

12.0 

16.0 

10.4 

7.0 

3.8 

3.8 

IRON  (Fe) 

(ppm) 

76.0 

123.2 

125.6 

80.6 

112.6 

98.6 

MERCURY  (Hg) 

(ppm) 

0.04 

0.05 

0.05 

0.04 

0.03 

0.02 

MANGANESE  (Mn) 

(ppm) 

6.8 

18.8 

16.8 

6.8 

8.2 

4.4 

MOLYBDENUM  (Mo) 

(ppm) 

0.5 

0.4 

0.6 

0.2 

0.2 

0.5 

NICKEL  (Nl) 

(ppm) 

10.0 

10.0 

6.0 

2.2 

4.0 

0.4 

LEAD  (Pb) 

(ppm) 

4.80 

6.80 

5.60 

3.20 

3.00 

4.00 

SELENIUM  (Se) 

(ppm) 

<0.1 

0.1 

<0.1 

<0.1 

<0.1 

<0.1 

ZINC  (Zn) 

(ppm) 

4.8 

7.3 

5.9 

5.3 

4.7 

9.6 

*lQ6ulf Lcient  Sample 
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Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-107  (cont'd) 

Location:   1125'  S.  4  1180'  E.  of  NW  Corner,  Sec.  11,  T.  156  N. 

Logged  by:   C.  Botdorf 

Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 
DEPTH  (FT) 


218.2-235.0 


PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0 

mm) 

- 

Coarse  Sand 

(1.0-0.5 

mm) 

- 

Medium  Sand 

(0.5-0.25 

mm) 

- 

Fine  Sand 

(0.25-0.10 

mm) 

- 

Very  Fine  Sand 

(0.10-0.05 

mm) 

- 

TOTAL  SAND 

(2.0-0.05 

mm) 

0.6 

SILT 

(0.05-0.002 

mm) 

34.2 

CLAY 

(0.002 

mm) 

65.2 

GRAVEL 

(percent) 

- 

TEXTURAL  CLASS  (LAB) 

C 

HYDRAULIC  CONDUCTIVITY 

(in 

'hr) 

6th  Hr. 

0.0( 

24th  Hr. 

0.0( 

SETTLING  VOLUME 

[ml) 

133.0 

MOISTURE  RETENTION 

(%) 

1/3  bar 

86.0 

15  bar 

33.1 

SOIL  REACTION-pH 

LABORATORY  DESCRIPTION 
Data 


1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 


(me/lOOg) 


9.1 

8.1 

+14.4 


SATURATION  EXTRACT 

Saturation 

Percentage 

142.9 

ECe925°C 

(mmhos/cm) 

1.730 

Ca++ 

(me/1) 

0.20 

Mg++ 

(me/1) 

0.14 

Na++ 

(me/1) 

26.0 

K+ 

(me/1) 

0.25 

co3_ 

(me/1) 

0.34 

HC0j_ 

(me/1) 

11.91 

Cl- 

(me/1) 

0.85 

so4_ 

(me/1) 

13.83 

N03_ 

(me/1) 

0.000 

SAR 

(me/1) 

63.0 

Na 

(me/lOOg) 

3.72 

Ca+Mg 

(me/lOOg) 

0.05 

1:5  EXTRACT 

EC5@25°C 

(mmhos/cra) 

.843 

Ca+Mg 

(me/1) 

2.02 

EXCHANGEABLE 

SODIUM 

(percent) 

61.5 

CATION  EXCHANGE 

CAPACITY 

(me/lOOg) 

39.2 

NaOAc@pH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f lclent  Sample 


(ppm) 

- 

(ppm) 

0.92 

(ppm) 

0.22 

(ppm) 

16.0 

(ppm) 

130.2 

(ppm) 

0.03 

(ppm) 

8.6 

(ppm) 

1.3 

(ppm) 

5.2 

(ppm) 

12.00 

(ppm) 

0.4 

(ppm) 

10.7 

Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-108 

Location:   2250'  S.  &    50'  W.  of  NE  Corner, 

Logged  by:   C.  Botdorf 

Date:   October  1982 


Sec.  12,  T.  156  N.,  R.  102  W. 
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LABORATORY  DESCRIPTION 


DETERMINATION 


LABORATORY  NUMBER 

(percent) 

32 

33 

34 

35 

36 

37 

SACK  NUMBER 

108-1 

108-2 

108-3 

108-4 

108-5 

108-6 

DEPTH  (FT) 

2.0-5.0 

5.0-10.0 

10.0-30.6 

30.6-33.0 

33.0-49.0 

49.0-59.4 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

- 

- 

- 

- 

- 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

37.6 

39.8 

36.4 

28.8 

9.2 

4.0 

SILT 

(0.05-0.002  mm) 

30.2 

30.0 

33.4 

33.0 

54.6 

70.8 

CLAY 

(0.002  mm) 

32.2 

30.2 

30.2 

28.2 

36.2 

GRAVEL 

(percent) 

1.5 

2.9 

3.0 

3.7 

- 

- 

TEXTURAL  CLASS  (LAB) 

CL 

CL 

CL 

CL 

S1CL 

S1L 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.30 

0.35 

0.42 

0.10 

0.06 

0.19 

24th  Hr. 

0.42 

0.73 

0.46 

0.12 

0.06 

0.22 

SETTLING  VOLJME 

(ml) 

22.5 

21.0 

21.5 

21.5 

30.0 

25.5 

MOISTURE  RETENTION 

(%) 

1/3  bar 

27.9 

24.4 

26.1 

26.5 

44.4 

39.0 

15  bar 

12.5 

12.3 

13.8 

18.4 

20.8 

13.2 

SOIL  REACTION-pH 

Paste 

- 

- 

- 

- 

- 

- 

1:5  H20 

8.4 

7.9 

7.6 

7.9 

7.9 

8.1 

1:2  0.01   M   CaCl2 

7.2 

7.2 

7.1 

7.0 

7.1 

7.5 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-3.4 

-3.0 

-4.6 

-1.4 

+4.4 

+2.6 

SATURATION  EXTRACT 

Saturation  Percentage 

47.5 

56.4 

56.6 

51.6 

67.6 

65.9 

ECe925°C 

(mmhos/cm) 

0.597 

3.101 

5.477 

1.851 

1.358 

0.834 

Ca++ 

(me/1) 

0.70 

7.50 

26.50 

8.00 

5.00 

2.70 

Mg++ 

(me/1) 

2.13 

22.95 

34.43 

7.05 

6.48 

3.44 

Na++ 

(me/1) 

4.6 

14.0 

25.0 

7.0 

3.0 

2.5 

K+ 

(me/1) 

0.15 

0.56 

0.95 

0.84 

0.96 

0.71 

co3_ 

(me/1) 

0 

0 

0 

0 

0 

0 

HC03_ 

(me/1) 

4.41 

1.84 

1.39 

3.72 

4.45 

3.66 

Cl- 

(me/1) 

0.34 

0.28 

0.73 

0.51 

0.34 

0.28 

so4_ 

(me/1) 

2.83 

42.89 

84.76 

18.66 

10.65 

5.41 

N03_ 

(me/1) 

0.005 

0.000 

0.001 

0.000 

0.000 

0.06 

SAR 

(me/1) 

3.9 

3.6 

4.5 

2.5 

1.2 

1.4 

Na 

(me/lOOg) 

0.22 

0.79 

1.42 

0.36 

0.20 

0.16 

Ca+Mg 

(me/lOOg) 

0.13 

1.72 

3.45 

0.78 

0.78 

0.40 

1:5  EXTRACT 

EC5825°C 

(mmhos/cm) 

.228 

.637 

1.930 

.368 

.396 

.297 

Ca+Mg 

(me/1) 

1.03 

3.99 

16.6 

1.50 

1.92 

1.67 

EXCHANGEABLE  SODIUM 

(percent) 

3.0 

2.6 

2.4 

6.0 

1.1 

1.5 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

22.0 

22.4 

22.2 

25.0 

29.6 

21.8 

NaOAcSpH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

0.52 

0.79 

0.88 

0.66 

0.29 

0.52 

CADMIUM  (Cd) 

(ppm) 

0.04 

0.06 

0.12 

0.08 

0.14 

0.08 

COPPER  (Cu) 

(ppm) 

3.4 

3.4 

3.2 

6.6 

12.0 

5.8 

IRON  (Fe) 

(ppm) 

193.2 

168.0 

176.2 

271.6 

225.2 

104.2 

MERCURY  (Hg) 

(ppm) 

0.01 

0.01 

0.02 

0.00 

0.01 

0.02 

MANGANESE  (Mn) 

(ppm) 

132.8 

94.2 

100.0 

37.6 

20.4 

16.2 

MOLYBDENUM  (Mo) 

(ppm) 

0.1 

0.7 

0.4 

0.3 

1.1 

0.5 

NICKEL  (Ni) 

(ppm) 

3.6 

2.4 

2.4 

2.0 

10.0 

6.0 

LEAD  (Pb) 

(ppm) 

1.20 

1.40 

1.40 

1.80 

7.00 

5.20 

SELENIUM  (Se) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

0.1 

0.1 

ZINC  (Zn) 

(ppm) 

4.2 

4.5 

4.4 

6.0 

7.9 

5.4 

*Insuf t icient  Sample 

Sand  Creek  Study  Area,  Norch  Dakota 

Geologic  Drill  Hole:   82-108 

Location:   225U'  3.  &  50'  W.  of  NE  Corner, 

Logged  by:   C.  Botdorf 

Date:   October  1982 


Sec.  12,  T.  156  N.,  R.  102  W. 
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LABORATORY  DESCRIPTION 


DETERMINATION 

(percent) 
(2.0-1.0  mm) 

Data 

LABORATORY  NUMBER 

38 

39 

40 

41 

42 

43 

SACK  NUMBER 

108-7 

108-8 

108-8 

108-10 

108-11 

108-12 

DEPTH  (FT) 

65.0-78.5 

78.5-104.0 

104.0-124.8 

124.8-131.2 

131.2-140.1 

115.3-168.0 

PARTICLE  SIZE  ANALYSIS 

. 

. 

. 

Very  Coarse  Sand 

- 

Coarse  Sand 

(1.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0.5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

11.0 

17.0 

4.0 

47.0 

5.0 

4.6 

SILT 

(0.05-0.002  mm) 

65.8 

57.8 

67.8 

35.6 

49.8 

52.6 

CLAY 

(0.002  mm) 

23.2 

25.2 

28.2 

17.4 

45.2 

42.8 

GRAVEL 

(percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (LAB) 

SiL 

SIL 

S1CL 

L 

SIC 

SIC 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.02 

0 

0 

0 

0 

0 

24th  Hr. 

0.02 

0 

0 

0 

0 

0 

SETTLING  VOLUME 

(ml) 

26.0 

26.5 

31.0 

33.5 

30.5 

49.0 

MOISTURE  RETENTION 

(%) 

1/3  bar 

41.0 

47.1 

61.8 

61.9 

63.3 

73.1 

15  bar 

13.6 

24.5 

27.5 

31.6 

26.6 

41.2 

SOIL  REACTION-pH 

Paste 

- 

- 

- 

- 

- 

- 

1:5  H20 

8.5 

8.8 

9.2 

3.7 

9.2 

9.2 

1:2  0.01   M  CaCl2 

7.6 

7.6 

7.8 

8.3 

8.0 

8.1 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-1.8 

+5.0 

+13.0 

+5.0 

+9.8 

+15.2 

SATURATION  EXTRACT 

Saturation  Percentage 

63.7 

76.8 

95.2 

116.2 

111.1 

135.4 

ECel$25°C 

(mmhos/cm) 

1.106 

2.052 

2.118 

1.472 

1.860 

1.332 

Ca++ 

(me/1) 

1.30 

0.72 

0.20 

0.14 

0.14 

0.22 

Mg++ 

(me/1) 

1.64 

0.74 

0.24 

0.10 

0.33 

0.10 

Na++ 

(me/1) 

11.0 

28.0 

33.0 

18.5 

24.0 

18.0 

K+ 

(me/1) 

0.53 

0.50 

0.38 

0.21 

0.45 

0.29 

co3_ 

(me/1) 

0 

0 

2.78 

0.98 

1.03 

0 

HC03_ 

(me/1) 

5.84 

10.33 

13.32 

8.70 

11.16 

10.52 

Cl- 

(me/1) 

0.34 

0.64 

0.28 

0.37 

0.45 

0.31 

so4. 

(me/1) 

8.29 

18.99 

17.44 

8.50 

12.28 

7.78 

N03_ 

(me/1) 

0.002 

0.000 

0.000 

0.003 

0.000 

0.000 

SAR 

(me/1) 

9.1 

32.8 

70.4 

53.4 

49.5 

45.0 

Na 

(me/lOOg) 

0.70 

2.15 

3.14 

2.15 

2.67 

2.44 

Ca+Mg 

(me/lOOg) 

0.19 

0.11 

0.04 

0.03 

0.05 

0.04 

1:5  EXTRACT 

EC5S25<'C 

(mmhos/cm) 

.371 

.604 

.674 

.619 

.719 

.750 

Ca+Mg 

(me/1) 

0.73 

0.33 

0.28 

0.38 

0.47 

0.40 

EXCHANGEABLE  SODIUM 

(percent) 

8.4 

20.1 

35.2 

37.9 

24.0 

35. S 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

22.6 

27.0 

28.0 

17.0 

35.6 

31.8 

NaOActfpH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

0.36 

0.59 

0.59 

0.23 

0.43 

1.34 

CADMIUM  (Cd) 

(ppm) 

0.16 

0.16 

0.12 

0.10 

0.12 

0.14 

COPPER  (Cu) 

(ppm) 

8.2 

12.0 

12.0 

3.6 

9.2 

12.0 

IRON  (Fe) 

(ppm) 

90.6 

96.6 

145.2 

48.8 

74.2 

78.2 

MERCUR"  (Hg) 

(ppm) 

0.03 

0.03 

0.04 

0.05 

0.04 

0.05 

MANGANESE  (Mn) 

(ppm) 

6.6 

11.2 

25.4 

2.8 

10.6 

8.6 

MOLYBDENUM  (Mo) 

(ppm) 

0.4 

0.8 

0.7 

0.5 

1.6 

0.5 

NICKEL  (Ni) 

(ppm) 

3.6 

8.0 

12.0 

4.0 

8.0 

8.0 

LEAD  (Pb) 

(ppm) 

5.00 

5.60 

5.80 

3.60 

7.20 

8.80 

SELENIUM  (Se) 

(ppm) 

<0.1 

0.2 

0.1 

<0.1 

0.1 

0.2 

ZINC  (Zn) 

(ppm) 

5.3 

10.4 

6.6 

6.2 

7.5 

7.1 

insufficient  Sample 

Sand  Creek  Stud/  Area,  North  Dakota 

Geologic  Drill  Hole:   82-108  (cont'd) 

Location:   2250'  S.  i  50'  W.  of  NE  Corner,  Sec.  12,  T.  156  N. 

Logged  by:   C.  Botdorf 

Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 


Table  9 
Sheet  } 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Median)  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

[0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLINC  VOLUME 

(ml) 

MOISTURE  RETENTION 

(%) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe?25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

N3++ 

(me/1) 

K+ 

(me/I) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Cl- 

(me/1) 

S04- 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

ECj^'C 

(mmhos/cm) 

Ca+Mg 

(me/l) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

13.6 
57.6 
28.8 


73.3 
31.2 


9.5 

8.6 

+11.0 

143. 4 
1.441 
0.06 
0.06 

19.0 
0.22 
1.91 
9.62 
0.56 
7.45 
0.000 

77.6 
2.72 
0.02 

.810 
0.34 
55.9 
22.0 


LABORATORY  DESCRIPTION 


44 

45 

46 

47 

108-13 

108-14 

108-15 

108-16 

168.0-185.6 

185.6-202.0 

210.0-233.0 

233.0-254.0 

10.4 
58.8 
30.8 


0 

0 

160.0 

80.8 
29.7 


145.4 
1.506 
0.06 
0.04 

19.1 
0.20 
1.07 

11.64 
1.13 
5.56 
0.000 

85.4 
2.78 
0.01 

.861 
0.26 
49.3 
28.0 


3.2 
64.8 
32.0 


9.2 

8.1 
+9.8 

109.5 
1.297 
0.49 
0.74 

19.0 
0.54 
0.86 

12.19 
0.85 
6.87 
0.000 

24.2 
2.08 
0.13 

.600 
1.11 
46.3 
21.8 


3.8 
62.2 
34.0 


0 

0 

0 

0 

80.0 

170.0 

59.5 

88.8 

29.1 

37.0 

9.4 

8.6 

+13.0 

168.9 
1.512 
0.08 
0.09 

19.1 
0.23 
1.24 

11.78 
0.34 
0.14 
0.000 

65.5 
3.22 
0.03 

.547 
2.02 
81.8 
34.0 


Na0Ac9pH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
♦Insufficient  Sample 


(ppm) 

- 

- 

- 

- 

(ppm) 

0.00 

0.10 

0.62 

3.41 

(ppm) 

0.08 

0.10 

0.08 

0.10 

(ppm) 

7.4 

7.6 

5.8 

12.0 

(ppm) 

104.2 

136.4 

70.8 

111.4 

(ppm) 

0.04 

0.04 

0.04 

0.04 

(ppm) 

8.4 

14.4 

5.0 

(ppm) 

0.5 

0.6 

0.2 

0.6 

(ppm) 

6.0 

8.0 

0.4 

8.0 

(ppm) 

4.20 

4.20 

10.60 

8.20 

(ppm) 

•CO.  1 

<0.1 

<0.l 

0.2 

(ppm) 

5.7 

6.8 

4.6 

5.9 

Table  10 
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Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-109 

Location:   450'  N.  &  25'  E.  of  SW  Corner,  Sec.  6,  T.  155  N. ,  R.  102  W% 

Logged  by:   C.  Botdorf 

Date:   November  1982 


LABORATORY  DESCRIPTION 


DETERMINATION 

(percent) 

Data 

LABORATORY  NUMBER 

48 

49 

50 

51 

52 

53 

SACK  NUMBER 

109-1 

109-2 

109-3 

109-4 

109-5 

109-6 

DEPTH  (FT) 

3.0-3.58 

3.58-5.0 

5.0-7.0 

7.0-7.83 

7.83-10.0 

10.0-35.3 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2 

.0-1.0  mm) 

- 

- 

- 

- 

- 

- 

Coarse  Sand 

(1 

.0-0.5  mm) 

- 

- 

- 

- 

- 

- 

Medium  Sand 

(0. 

5-0.25  mm) 

- 

- 

- 

- 

- 

- 

Fine  Sand 

(0.25-0.10  mm) 

- 

- 

- 

- 

- 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

- 

- 

- 

- 

- 

- 

TOTAL  SAND 

(2. 

0-0.05  mm) 

37.6 

37.4 

39.2 

40.0 

39.0 

37.2 

SILT 

(0.05 

-0.002  mm) 

31.4 

30.2 

28.8 

39.2 

42.4 

33.6 

CLAY 

(0.002  mm) 

31.0 

32.4 

37.0 

20.8 

18.6 

29.2 

GRAVEL 

(percent) 

3.3 

1.7 

2.0 

3.1 

1.8 

4.5 

TEXTURAL  CLASS  (LAB) 

CL 

CL 

CL 

L 

L 

CL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

* 

0.21 

0.43 

0.74 

0.38 

0.22 

24th  Hr. 

* 

0.24 

0.54 

0.84 

0.54 

0.27 

SETTLING  VOLUME 

(ml) 

- 

20.5 

20.0 

18.5 

21.5 

22.0 

MOISTURE  RETENTION 

(%) 

1/3  bar 

26.8 

26.3 

24.9 

22.8 

24.0 

26.2 

15  bar 

11.4 

12.4 

11.9 

10.7 

11.7 

13.1 

SOIL  REACTlON-pH 

Paste 

- 

- 

- 

- 

- 

- 

1:5  H20 

8.5 

8.3 

7.8 

7.8 

7.7 

7.7 

1:2  0.01   M  CaCl2 

6.8 

7.5 

7.1 

7.2 

7.1 

7.1 

GYPSUM  REQUIREMENT 

(me/lOOg) 

* 

-0.2 

-8.2 

-8.6 

-8.6 

-7.0 

SATURATION  EXTRACT 

Saturation  Percentage 

46.2 

47.3 

50.4 

46.0 

52.3 

53.9 

ECel325',C 

(mmhos/cm) 

0.792 

4.386 

7.380 

6.625 

6.774 

4.628 

Ca++ 

(me/1) 

0.50 

3.50 

22.00 

23.00 

22.50 

2.45 

Mg++ 

(me/1) 

3.69 

4.02 

75.41 

65.57 

67.71 

3.77 

Na++ 

(me/1) 

5.5 

23.0 

30.0 

26.0 

25.0 

12.0 

K+ 

(me/1) 

0.23 

0.50 

0.80 

0.80 

0.70 

0.85 

C03. 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

HC03_ 

(me/1) 

5.24 

2.57 

1.20 

1.07 

0.96 

1.39 

Cl- 

(me/1) 

0.51 

0.68 

0.90 

1.41 

1.02 

1.19 

so4_ 

(me/1) 

4.17 

27.77 

126.11 

112.89 

113.43 

16.49 

N03_ 

(me/1) 

0.011 

0.000 

0.002 

0.000 

0.000 

0.000 

SAR 

(me/1) 

3.8 

11.9 

4.3 

3.9 

3.7 

6.8 

Na 

(me/lOOg) 

0.25 

1.09 

1.51 

1.20 

1.31 

0.65 

Ca+Mg 

(me/lOOg) 

0.19 

0.36 

0.37 

4.07 

4.69 

0.34 

1:5  EXTRACT 

EC5«25°C 

(mmhos/cm) 

.199 

.799 

2.034 

2.182 

2.873 

1.472 

Ca+Mg 

(me/1) 

0.84 

1.93 

12.1 

23.3 

33.1 

27.4 

EXCHANGEABLE  SODIUM 

(percent) 

3.0 

3.6 

3.3 

4.1 

5.4 

2.2 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

22.0 

26.6 

26.0 

16.0 

20.0 

21.6 

NaOActfpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf t tclent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


0.98 

0.98 

0.04 

0.08 

2.8 

2.6 

104.0 

141.6 

0.02 

0.02 

31.8 

56.6 

0.6 

1.0 

0.8 

1.4 

1.00 

1.40 

1.24 

0.29 

0.08 

0.14 

2.8 

3.2 

157.8 

137.8 

0.03 

0.02 

62.4 

60.2 

0.4 

0.4 

1.6 

1.4 

1.40 

1.40 
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Sand  Creelc  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-109  (cont'd) 

Location:   450'  N.  &  25'  E.  of  SW  Corner,  Sec.  6,  T.  155  N. 

Logged  by:   C.  Botdorf 

Date:   November  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(*) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Cl- 

(me/1) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5?25°C 

(ramhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

22.4 

27.4 
50.2 

4.5 

C 

0.22 
0.27 
28.0 

48.8 
13.1 


7.6 

7.1 

-6.4 

77.8 

3.251 

16.00 

19.67 

12.8 

1.20 

0.00 

4.90 

0.42 

44.35 

<0.001 

3.0 

0.99 

2.78 

0.760 
5.50 
1.6 
39.8 


LABORATORY  DESCRIPTION 

Data 


54 

55 

56 

57 

58 

59 

109-7 

109-8 

109-9 

L09-10 

109-11 

109-12 

35.3-50.2 

56.1-66.3 

76.0-94.0 

94.0-112.0 

112.0-132.0 

132.0-151.6 

0.6 
50,2 
49.2 


0.07 
0.22 
30.0 

46.7 
26.9 


8.0 

7.1 

+1.4 

79.4 
1.653 
3.70 
5.08 

11.9 
0.93 
0.00 
4.77 
0.23 

16.61 
0.001 
5.7 
0.94 
0.70 

0.444 
1.58 
4.4 
28.0 


0.1 
0.4 
14.7 
25.4 
10.2 
50.8 
39.0 
10.2 


1.0 
0.08 
19.5 

23.5 
25.9 


8.3 

7.6 

-2.6 

45.9 
1.475 
2.30 
3.28 

13.3 
0.50 
0.00 
3.16 
0.51 

15.71 
0.018 
7.9 
0.61 
0.26 

0.310 
0.87 
6.1 
14.0 


0.0 

0.3 
29.2 
39.3 

5.2 
74.0 
19.8 

6.2 


5.3 

2.5 
18.5 

17.7 
11.5 


8.3 

7.5 

+7.2 

69.5 
1.746 
2.05 
3.36 

16.8 
0.40 
0.00 
2.46 
0.59 

19.56 
0.065 

10.2 
1.17 
0.38 

0.307 

0.74 
3.1 
10.8 


0.6 
1.4 
16.7 
33.9 
10.0 
62.6 
31.2 
6.2 


1 

B 

2 

1 

19 

5 

.'2 

2 

7 

0 

8.7 

7.5 

+8.0 

46.9 
2.100 
1.10 
2.21 

26.0 
0.34 
0.00 
5.05 
0.56 

24.04 

<0.001 

20.2 
1.22 
0.16 

.362 
0.42 
11.0 

12.2 


41.4 
48.4 
10.2 


4.1 

4.4 

22.5 

28.8 

14.0 


8.8 

7.7 
-0.6 

52.9 
1.609 
0.25 
1.15 

18.0 
0.27 
0.00 
6.48 
0.56 

12.63 
0.000 

21.5 
0.95 
0.07 

.421 
0.33 
15.8 
18.0 


NaOAc@pH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f lclent  Sample 


(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

1.61 

1.54 

0.92 

0.98 

1.31 

0.95 

(ppm) 

0.30 

0.14 

0.08 

0.06 

0.08 

0.08 

(ppm) 

20.0 

14.0 

3.8 

1.6 

2.0 

3.2 

(ppm) 

115.4 

105.4 

51.2 

68.8 

77.4 

54.6 

(ppm) 

0.01 

0.04 

0.02 

0.02 

0.02 

0.01 

(ppm) 

14.8 

20.0 

4.0 

5.0 

4.8 

4.2 

(ppm) 

2.2 

0.9 

0.0 

0.0 

0.1 

0.3 

(ppm) 

10.0 

8.0 

1.2 

1.6 

3.6 

4.0 

(ppm) 

8.40 

8.40 

3.40 

2.40 

2.80 

2.80 

(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

12.2 

11. 1 

4.0 

2.9 

3.4 

4.4 
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Saod  Creek  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-109  (cont'd) 
Location:   450'  N.  &  25'  £.  of  SW  Corner, 
Logged  by:   C.  Botdorf 
Date:   November  1982 


DETERMINATION 
LABORATORY  NUMBER 


Sec.  6,  T-  155  N. ,  R.  102  W. 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15   bar 
SOIL   REACTION-pH 

Paste 

1:5    H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe825°C 
Ca++ 
Mg++ 
Na++ 
K+ 

co3_ 

HC03_ 
Cl- 

so4_ 

N03_ 
SAR 

Na 

Ca+Mg 
1:5  EXTRACT 
EC5»25',C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


(me/lOOg) 


(mmhos/cm) 


(me 

(me 

(me 

(me 

(me 

( 

(me 

(me 

(me 

(me 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/l) 

(percent) 

(me/lOOg) 


/I) 
/I) 
/I) 
/I) 
/D 
/I) 
A) 

/I) 
/I) 
/I) 


LABORATORY  DESCRIPTION 

Data 


60 

61 

62 

63 

64 

65 

109-13 

109-14 

109-15 

109-16 

109-17 

109-18 

16 3.0- 184.0 

184.0-194.6 

194.6-210.0 

210.0-216.5 

216.5-229.6 

229.6-237.0 

5.2 

46.6 
48.2 


8.7 
7.7 

+12.2 

90.6 
1.718 
0.60 
0.75 

30.0 
0.68 
2.14 

10.76 
0.37 

18.76 
0.000 

36.5 
2.72 
0.12 

.612 
0.34 
21.9 
32.4 


27.0 

3.0 

49.6 

47.6 

23.4 

49.4 

21.4 
37.6 
41.0 


9.1 

8.0 

+8.2 

67.7 
1.966 
0.22 
0.49 

25.0 
0.34 
0.86 
6.71 
0.45 

18.03 

<0.001 

41.9 
1.69 
2.8 

.539 
0.23 
22.8 
25.0 


8.9 

7.9 
+12.0 

100.8 
1.839 
0.21 
0.33 

24.0 
0.44 
0.86 
8.71 
0.20 

15.21 
0.002 

46.2 
2.42 
4.7 

.586 

0.21 
34.1 
27.6 


9.1 

8.1 

+14.0 

106.9 
1.775 
0.15 
0.18 

23.8 
0.35 
0.43 
8.17 
0.23 

15.64 
0.005 

58.6 
2.54 
0.04 

.707 
0.41 
33.5 
30.0 


0.1 
1.3 
22.2 
16.6 
19.0 
59.2 
20.8 
20.0 

SCL/SL 


9.4 
8.3 

+8.4 

84.7 
1.800 
0.25 
0.25 

22.0 
0.30 
0.00 
6.33 
0.42 

16.05 

<0.001 

44.0 
1.86 
0.04 

.589 
0.16 
35.4 
22.4 


5.0 
46.0 
49.0 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

30.0 

23.5 

21.5 

33.5 

30.0 

50.0 

(*) 

47.0 

39.6 

63.9 

66.5 

47.0 

74.8 

23.5 

20.2 

25.9 

34.6 

15.2 

31.0 

9.0 

8.2 
+12.2 

143.3 
1.548 
0.13 
0.16 

19.6 
0.32 
0.47 
8.52 
0.20 

10.94 
0.000 

51.5 
2.81 
0.04 

.707 
0.41 
41.9 
26.2 


NaOAcSpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAP  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Jnsuf flcient  Sample 


(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

1.24 

0.66 

0.98 

0.69 

0.00 

1.15 

(ppm) 

0.20 

0.06 

0.16 

0.10 

0.08 

0.20 

(ppm) 

14.0 

4.0 

14.0 

10.0 

2.8 

16.0 

(ppm) 

78.6 

39.0 

117.6 

69.2 

67.6 

136.8 

(ppm) 

0.08 

0.04 

0.06 

0.07 

0.03 

0.06 

(ppm) 

4.6 

1.6 

14.2 

1.8 

1.6 

12.8 

(ppm) 

1.9 

0.5 

0.9 

0.3 

0.3 

0.5 

(ppm) 

8.0 

2.6 

6.0 

2.0 

2.2 

6.0 

(ppm) 

8.40 

3.60 

8.00 

5.20 

3.20 

8.40 

(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

7.2 

3.4 

10.8 

4.7 

3.8 

9.0 
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Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-109  (cont'd) 

Location:   450'  N.  S  25'  E.  of  SW  Corner,  Sec.  6,  T.  155  N. ,  R.  102  W. 

Logged  by:   C.  Botdorf 

Date:   November  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXT URAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe<?25°C 
Ca+i- 
Mg++ 
Na++ 
K+ 


so4_ 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5925°C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


(ml) 
(%) 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


238.9-240.0 


30.2 

45.8 
24.0 


0, 

.00 

0 

.00 

35 

.5 

48 

.5 

27 

.6 

8.9 

7.6 

+8.4 

73.6 
1.729 
0.62 
0.41 

21.6 
0.26 
0.51 
9.70 
0.51 

12.71 
0.000 

30.1 
1.72 
0.08 

.510 
0.41 
45.2 
21.8 


LABORATORY  DESCRIPTION 

Data 


NaOAc@pH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
•Insufficient  Sample 


(ppm) 

- 

(ppm) 

0.75 

(ppm) 

0.14 

(ppm) 

6.6 

(ppm) 

269.0 

(ppm) 

0.03 

(ppm) 

4.0 

(ppm) 

0.4 

(ppm) 

1.4 

(ppm) 

5.00 

(ppm) 

- 

(ppm) 

4.5 
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Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-110 

Location:   50'  N.  &  50'  E.  of  SW  Corner,  Sec.  9,  T.  155  N. 

Logged  by:   L.  Parish 

Date:   September  1981 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

bth  Hr. 

Z4th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

U) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H^.0 

1:2  0.01  _M_  Catl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

saturation  Percentage 
ECeMb°C 

Ca++ 

Mg++ 

Na++ 

K+ 

co3_ 

HCO, 


SAR 


Ca+Mg 
1:5  EXTRACT 

EC5IS25°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOActSpH  8.2 


(mmhos/cm) 
(me/ I) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


2.2 
A. 9 
7.8 
13.5 
13.1 
41.5 
37.9 
20.6 


56.6 

0.71 


0.25 

2.04 

1.0 

19.2 


LABORATORY  DESCRIPTION 


Data 

4,499 

4,500 

4,501 

4,502 

4,503 

4,504 

110-1 

110-2 

110-3 

110-4 

110-5 

110-6 

0-0.5 

0.5-3.5 

3.5-6.5 

6.5-10.0 

32.0-34.0 

45.0-47.0 

2.2 

4.1 

7.8 

11.6 

9.0 

34.7 

40.5 

24.8 


51.0 
1.04 
3.2 
6.1 
2.4 
0.4 
0.0 
4.5 
0.1 
7.1 

<0.1 
1.1 
0.1 
0.5 

0.24 

1.77 

1.9 

15.8 


2.3 

4.1 
7.0 
11.2 
11.2 
35.9 
37.5 
26.6 


55.1 

2.65 

3.2 

12.4 

14.4 

0.5 

0.0 

2.7 

0.1 

26.8 

<0.1 

5.2 

0.8 

0.9 

0.53 
2.28 
6.7 

16.4 


1.4 
3.6 
7.5 
11.7 
11.5 
35.7 
38.0 
26.3 


56.5 

7.5 

22.6 

58.2 

31.8 

0.8 

0.0 

1.5 

2.9 

109 

<0.1 

5.0 

1.8 

4.6 

3.0 
28.3 

8.4 
15.4 


1.3 
2.2 
4.7 
13.3 
12.0 
33.5 
41.1 
25.4 


0.8 
1.8 
5.3 
10.9 
10.7 
29.5 
44.5 
26.0 


0.55 

0.14 

0.06 

0.26 

0.06 

0.20 

0.47 

0.14 

0.04 

0.24 

0.04 

0.16 

23.0 

23.0 

30.0 

24.0 

28.0 

27.0 

25.5 

25.6 

23.5 

25.0 

25.3 

24.7 

11. 1 

11. 1 

11.5 

12.3 

13.4 

13.0 

7.7 

7.9 

8.1 

7.9 

7.5 

7.5 

8.4 

8.9 

9.0 

56.0 

53.6 

4.7 

4.9 

24.4 

24.7 

28.3 

29.4 

11.3 

11.6 

1.0 

1.1 

0.0 

0.0 

2.1 

3.1 

0.9 

0.3 

60.0 

52.5 

0.4 

9.0 

2.2 

2.2 

0.6 

0.6 

3.0 

2.9 

0.90 

0.91 

7.58 

6.75 

2.8 

2.5 

17.8 

16.3 

SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  («g) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

Mnsut  t  tc  lent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


<0.1 

<0.1 

<0.1 

0.94 

0.68 

0.52 

0.83 

0.42 

0.38 

2.3 

4.2 

4.3 

30.8 

62.2 

32.0 

0.10 

0.10 

0.15 

40.4 

66.5 

50.1 

0.7 

0.5 

0.4 

0.98 

2.6 

2.7 

1.5 

1.3 

1.8 

<0.05 

<0.05 

<0.05 

1.8 

1.2 

1.4 

EMRIA-Sand  Creek  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-110  (cont'd) 
Location:   50'  N.  6  50'  E.  of  SW  Corner,  Sec. 
Logged  by:   L.  Parish 
Date:   September  1981 
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DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
CRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

0.05-0.002  mm) 

(0.002  mm) 

( percent) 

(ln/hr) 


(ml) 
(X) 


1:2  0.01  _M_  CaClj 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
ECe@25°C 
Ca++ 
Mg+t- 
Na++ 
K+ 
C0-. 


HCO 


3- 


3"4- 
N03_ 
SAR 


Ca+Mg 
1:5  EXTRACT 

EC5?25°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(rae/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


0.0 
0.0 
0.2 
6.7 
13.1 
20.0 
59.1 
20.9 


0.14 
0.12 
24 

21.9 
9.0 

7.8 
8.7 


48.9 

2.75 
8.7 

11.3 
9.2 
0.9 
0.0 
2.4 
0.5 

19.5 
6.3 
2.9 
0.4 
1.0 

0.36 

2.31 

3.0 

13.5 


LABORATORY  DESCRIPTION 


0.0 
0.1 
0.2 
17.3 
26.9 
44.5 
44.1 
11.4 


0.12 
0.12 
19 

17.2 
6.3 

7.7 
8.7 


37.6 

4.5 

15.7 

21.5 

15.4 

0.9 

0.0 

2.9 

1.5 

43.5 

6.7 

3.6 

0.6 

1.4 

0.55 
4.59 
4.0 
10.1 


0.1 
0.3 
0.3 
2.3 
12.3 
15.3 
68.5 
16.2 


0.12 
0.14 
18 


7.6 
8.4 


41.0 

5.0 

24.5 

25.1 

15.3 

1.0 

0.0 

2.0 

0.3 

63.0 

3.13 

3.1 

0.6 

2.0 

1.50 
14.5 

3.6 
14.0 


2.1 

1.8 

1.0 

6.7 

24.3 

35.9 

44.9 

19.2 


0.71 

0.67 
25 

23.7 
10.1 

7.7 
8.8 


48.5 
2.42 
6.1 
7.5 

11.5 
0.6 
0.0 
3.1 
0.7 

20.0 
1.9 
4.4 
0.6 
0.7 

0.39 
1.77 
14.8 
10.8 


0.1 
0.1 
0.1 
9.9 
33.1 

43.3 
43.8 
12.9 


0.16 
0.16 
22 

20.5 
6.8 

7.7 
9.0 


38.3 

2.20 
5.1 
6.0 

12.2 
0.6 
0.0 
2.6 
0.3 

20.5 
0.6 
5.2 
0.5 
0.4 

0.33 
1.27 
5.9 
10.2 


4.510 


110-12 


101.0-103.0 


0.0 
0.1 
0.1 
5.5 
20.0 
25.7 
59.7 
14.6 


0.43 
0.39 
21 

23.6 
8.1 

7.8 
8.8 


46.0 

2.41 
6.8 
6.8 

12.1 
1.1 
0.0 
3.7 
0.5 

21.5 
0.2 
4.7 
0.6 
0.6 

0.40 
1.50 
4.7 
10.7 


NaOAcSpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f lclent  Sample 


(ppm) 

<0.l 

<0.l 

<0.l 

<0.1 

<0.1 

<0.1 

(ppm) 

0.80 

0.76 

0.88 

0.78 

0.60 

0.70 

(ppm) 

0.78 

<0.1 

0.17 

<0.1 

0.26 

0.82 

(ppm) 

3.3 

2.2 

3.5 

0.93 

3.9 

7.9 

(ppm) 

31.1 

35.3 

44.3 

18.8 

15.0 

60.3 

(ppm) 

0.10 

0.20 

0.20 

0.15 

0.15 

0.20 

(ppm) 

26.9 

29.1 

29.6 

37.2 

21.8 

31.2 

(ppm) 

0.2 

0.4 

0.4 

0.2 

0.1 

0.5 

(ppm) 

0.6 

1.0 

1.3 

0.15 

0.74 

2.8 

(ppm) 

1.8 

1.3 

1.7 

0.4 

1.1 

2.9 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

1.2 

2.1 

1.6 

1.3 

1.8 

7.9 
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EMRIA-Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-110  (cont'd) 

Location:   50'  N.  &  50'  E.  of  SW  Corner,  Sec.  9,  T.  155  N. 

Logged  by:   L.  Parish 

Date:   September  1981 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 
Ca++ 
Mg++ 
Na++ 
K+ 


( percent) 

(2.0-1.0  mm) 

(l.O-j.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

( percent) 

(In/hr) 


CO 


J- 


SAR 


Ca+Mg 
1:5  EXTRACT 

EC5@25°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

Na0Ac?pH  8.2 


(me/lOOg) 


(mmhos/cra) 


(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 

(me 
(me/lOOg) 
(me/lOOg) 


(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


LABORATORY  DESCRIPTION 

Data 


4,511 

4,512 

4,513 

4,514 

4,515 

4,516 

110-13 

110-14 

110-15 

110-16 

110-17 

110-18 

126.0-128.0 

160.5-162.5 

177.0-179.0 

186.5-188.5 

197.0-199.0 

217.0-219.0 

0.1 

0.1 

0.2 

3.1 

7.2 

10.7 

62.9 

26.4 


56.5 
2.20 
6.0 
5.1 

12.5 
0.9 
0.0 
6.0 
0.2 

17.5 
1.3 
5.3 
0.7 
0.6 

0.45 
1.04 
10.4 
13.5 


0.2 
0.2 
0.4 
1.0 
7.2 
9.0 
68.5 
22.5 


67.8 
3.2 
2.7 
2.4 

28.1 
0.7 
0.0 
6.8 
0.3 

25.5 
1.1 

17.6 
1.9 
0.3 

0.59 
0.46 
30.0 
16.8 


0.3 

0.1 

0.2 

3.3 

44.0 

47.9 

43.2 

8.9 


52.7 
3.0 
1.0 
2.7 

29.0 
0.3 
0.5 
9.9 
0.3 

19.0 
2.3 

21.3 
1.5 
0.2 

0.60 
0.42 
44.4 
12.6 


0.0 
0.0 
0.0 
0.1 
0.3 
0.4 
64.4 
35.2 


87.5 
2.60 
0.6 
0.3 

25.0 
0.3 
0.5 
9.1 
0.2 

16.5 
0.2 

37.3 
2.2 
0.1 

0.70 
0.21 
54.0 
16.3 


0.0 

0.0 

0.0 

7.4 

48.0 

55.4 

36.0 

8.6 


47.0 
3.3 
0.4 
0.4 

32.6 
0.4 
1.0 
7.5 
0.6 

24.0 
0.3 

51.5 
1.5 

<0.1 

0.62 
0.23 
56.4 
10. 1 


0.3 
0.1 
0.1 
0.4 
14.7 
15.6 
61.8 
22.6 


0.00 

0.00 

0.00 

o.oo 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

28 

32 

35 

65 

40 

120 

(*) 

34.9 

42.0 

33.8 

55.3 

32.3 

51.1 

15.2 

17.7 

11.0 

24.0 

8.4 

26.9 

7.9 

8.0 

8.5 

8.5 

9.1 

9.0 

8.9 

9.2 

9.9 

9.7 

10.2 

10.1 

74.5 
2.95 
0.4 
0.0 

28.4 
0.3 
1.0 
0.4 
0.4 

17.5 
2.4 

63.5 
2.1 

<0.1 

0.90 
0.32 
65.0 
16.0 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f icient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.l 

<0.1 

(ppm) 

0.80 

1.00 

0.78 

0.80 

0.56 

0.58 

(ppm) 

0.37 

0.89 

0.84 

0.54 

<0.1 

0.58 

(ppm) 

9.7 

20.6 

3.5 

10.5 

3.3 

3.3 

(ppm) 

28.2 

91.8 

91.6 

22.8 

94.7 

96.0 

(ppm) 

0.35 

0.45 

0.15 

0.45 

0.20 

0.30 

(ppm) 

11.1 

32.8 

19.7 

49.2 

13.5 

13.9 

(ppm) 

0.6 

2.0 

0.5 

0.7 

0.7 

0.5 

(ppm) 

6.6 

6.4 

3.4 

6.3 

5.3 

5.3 

(ppm) 

5.9 

5.5 

1.8 

4.4 

1.1 

1.1 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

10.5 

12.8 

9.8 

10.6 

7.7 

7.5 

EMRIA-Sand  Creek  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-110  (cont'd) 
Location:   50'  N.  &  50'  E.  of  SW  Corner,  Sec. 
Logged  by:   L.  Parish 
Date:   September  1981 


DETERMINATION 
LABORATORY  NUMBER 
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SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

( percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(%) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HCOj_ 

(me/1) 

Cl- 

(me/1) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5@25°C 

(ramhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

LABORATORY  DESCRIPTION 

llal.i 

4,517 

1  10-  l'l 

234.0-240.0 

0.0 
0.1 
0.1 
0.3 
3.7 
4.2 
63.9 
31.9 


0.00 
0.00 
210 

61.8 
29.8 

9.2 
10.0 


112.6 
2.10 
0.3 
0.0 

21.4 
0.2 
1.9 
9.6 
0.4 
9.3 
0.1 

55.3 
2.4 

<0.1 

0.60 
0.44 
<0.1 
21.0 


Na0Ac?pH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Ni) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
♦Insufficient  Sample 


(ppm) 

<0.1 

(ppm) 

0.60 

(ppm) 

0.46 

(ppm) 

13.7 

(ppm) 

81.4 

(ppm) 

0.40 

(ppm) 

14.8 

(ppm) 

1.0 

(ppm) 

4.2 

(ppm) 

7.2 

(ppm) 

<0.05 

(ppm) 

12.0 

EMRIA-Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-111 

Location:   60'  N.  &  60'  W.  of  SE  Corner,  Sec.  33,  T.  155  N. ,  R.  102  W. 

Logged  by:   L.  Parish 

Date:   September  1981 
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LABORATORY  DESCRIPTION 

DETERMINATION 

(percent) 

Data 

LABORATORY  NUMBER 

4,533 

4,534 

4,535 

4,536 

4,537 

4,538 

SACK  NUMBER 

111-1 

111-2 

111-3 

111-4 

111-5 

111-6 

DEPTH  (FT) 

0-1.0 

1.0-4.0 

4.0-10.0 

11.0-13.0 

27.5-29.5 

31.5-33.5 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

1.3 

3.1 

2.1 

2.0 

1.9 

0.1 

Coarse  Sand 

(1.0-0.5  mm) 

2.6 

4.2 

3.8 

3.6 

3.9 

0.1 

Medium  Sand 

(0.5-0.25  mm) 

6.0 

6.8 

8.1 

5.5 

2.9 

0.1 

Fine  Sand 

(0.25-0.10  mm) 

8.6 

10.3 

11.9 

12.1 

2.1 

0.8 

Very  Fine  Sand 

(0.10-0.05  mm) 

0.2 

9.9 

11.3 

11.5 

3.8 

8.7 

TOTAL  SAND 

(2.0-0.05  mm) 

18.7 

34.3 

37.2 

34.7 

14.6 

9.8 

SILT 

(0.05-0.002  mm) 

61.3 

36.2 

36.9 

38.7 

63.5 

79.2 

CLAY 

(0.002  mm) 

20.0 

29.5 

25.9 

26.6 

21.9 

11.0 

GRAVEL 

(percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (LAB) 

SiL 

CL 

L 

L 

SiL 

SiL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.06 

0.20 

0.20 

0.12 

0.20 

0.04 

24th  Hr. 

0.04 

0.16 

0.18 

0.08 

0.16 

0.02 

SETTLING  VOLUME 

(ml) 

22 

22 

25 

23 

28 

26 

MOISTURE  RETENTION 

(X) 

1/3  bar 

28.0 

26.4 

24.6 

23.8 

40.7 

37.8 

15  bar 

10.9 

11.7 

11.1 

11.5 

19.3 

14.2 

SOIL  REACTlON-pH 

Paste 

7.2 

8.0 

8.2 

7.6 

4.1 

7.8 

1:5  H20 

8.2 

9.1 

9.2 

8.3 

4.5 

8.5 

1:2  0.01   M  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

50.3 

47.8 

48.2 

50.8 

65.9 

62.7 

ECelS25°C 

(mmhos/cm) 

1.67 

0.65 

0.58 

3.8 

2.3 

1.42 

Ca++ 

(me/1) 

9.6 

1.8 

0.7 

26.0 

6.9 

6.2 

Mg++ 

(me/1) 

5.2 

3.3 

2.9 

17.4 

12.0 

7.3 

Na++ 

(me/1) 

3.9 

1.3 

2.1 

5.1 

4.6 

2.1 

K+ 

(me/1) 

0.6 

0.3 

0.3 

1.1 

0.9 

0.9 

CUj_ 

(me/1) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HC03_ 

(me/1) 

4.6 

3.4 

3.8 

1.9 

0.0 

5.2 

Cl- 

(me/1) 

0.3 

0.1 

0.3 

0.2 

0.3 

0.1 

SO;,. 

(me/1) 

14.0 

2.0 

1.3 

48.5 

25.5 

11.0 

NOj_ 

(me/1) 

<0.1 

0.8 

0.2 

0.1 

1.0 

<0.1 

SAR 

(me/1) 

1.4 

0.8 

1.6 

1.1 

1.5 

0.8 

Na 

(me/lOOg) 

0.2 

0.1 

0.1 

0.3 

0.3 

0.1 

Ca+Mg 

(me/lOOg) 

0.7 

0.2 

0.2 

2.2 

1.2 

0.8 

1:3  EXTRACT 

hC5tf25°C 

(mmhos/cm) 

0.39 

0.20 

0.20 

1.45 

0.55 

0.36 

Ca+Mg 

(me/1) 

2.93 

2.26 

1.87 

15.2 

3.74 

3.63 

EXCHANGEABLE  SODIUM 

(percent) 

2.5 

1.9 

2.6 

2.0 

1.6 

1.9 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

20.1 

15.8 

15.2 

15.3 

30.6 

21.5 

NaOAcBpH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

<0.1 

<0.1 

<0.1 

<0.1 

KURON  (B) 

(ppm) 

- 

- 

0.86 

1.70 

2.46 

1.22 

CADMIUM  (Cd) 

(ppm) 

- 

- 

<0.1 

<0.1 

0.18 

0.40 

COPPER  (Cu) 

(ppm) 

- 

- 

2.3 

2.3 

5.0 

11.8 

IRON  (Fe) 

(ppm) 

- 

- 

25.9 

28.5 

534.0 

13.3 

MERCURY  (Hg) 

(ppm) 

- 

- 

0.35 

0.15 

0.30 

0.30 

manganese  (Mn) 

(ppm) 

- 

- 

28.6 

30.5 

17.8 

11.9 

MOLYBDENUM  (Mo) 

(ppm) 

- 

- 

1.0 

0.6 

0.6 

0.5 

NICKEL  (Ni) 

(ppm) 

- 

- 

0.56 

0.62 

0.54 

6.2 

LEAD  (Pb) 

(ppm) 

- 

- 

1.5 

1.2 

0.46 

4.0 

SELENIUM  (Se) 

(ppm) 

- 

- 

<0.05 

<0.05 

<0.05 

<0.05 

ZINC  (2n) 

(ppm) 

- 

- 

1.8 

1.9 

3.1 

7.3 

*lnsut t lcient  Sample 
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EMRIA-Sand  Creek  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-111  (cont'd) 
Location:   60'  N.  &  60'  W.  of  SE  Corner,  Sec 
Logged  by:   L.  Parish 
Date:   September  1981 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 

SILT  ( 

CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  HjO 

1:2  0.01  _M_  CaClj 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 
Ca++ 
Mg++ 
Na++ 
K+ 

COj_ 
HCO, 


33,  T.  155  N. 


LABORATORY  DESCRIPTION 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(In/hr) 


(ml) 
(*) 


SAR 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5?25°C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
Na0Ac?pH  8.2 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(rae/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


0.6 
0.2 
0.3 
0.3 
0.7 
2.1 
78.1 
19.8 


0.00 
0.00 
28 

39.8 
14.3 

8.0 
8.7 


61.9 
2.4 
4.7 
5.4 

13.9 
1.2 
0.0 
6.2 
0.1 

18.5 

<0.l 
6.2 
0.9 
0.6 

0.51 
1.62 
7.9 
17.7 


0.0 
0.1 
0.1 
0.2 
0.2 
0.6 
71.0 
28.4 


0.00 
0.02 
38 

42.3 
19.0 

7.9 
8.7 


63.0 

2.8 

4.2 

4.7 

21.4 

1.2 

0.0 

9.4 

0.3 

22.5 

<0.1 

10.1 

1.3 

0.6 

0.64 
1.45 
12.4 
20.1 


0.1 
0.1 
0.0 
0.5 
1.5 
2.2 
88.7 
9.1 


0.04 
0.02 
23 

34.9 
9.9 

8.1 
9.0 


59.5 
2.6 
2.3 

2.9 

21.9 

0.7 

0.0 

8.7 

0.3 

19.0 

<0.1 

13.6 

1.3 

0.3 

0.58 
1  .20 
18.1 
14.9 


0.0 
0.0 
0.4 
23.4 
46.2 
70.0 
24.7 
5.3 


0.98 
0.91 
20 

20.4 
8.6 

7.9 
8.8 


79.8 
3.3 

5.8 

6.5 

23.7 

0.8 

0.0 

7.4 

0.5 

29.0 

<0.1 

9.6 

1.9 

1.0 

0.60 
2.08 
6.7 
14.9 


0.1 
0.1 
0.1 
0.2 
1.9 
2.4 
85.3 
12.3 


0.00 
0.00 
29 

40.8 
11.8 

8.7 
9.7 


80.0 

3.0 

0.6 

0.7 

29.8 

0.4 

0.0 

12.6 

0.5 

17.0 

<0.1 

27.0 

2.4 

0.1 

0.78 
0.62 
38.4 
15.1 


104.0-106.0 


0.0 
0.0 
0.0 
0.1 

0.3 
0.4 
77.1 
22.5 


0.00 
0.00 
47 

47.6 
17.2 

8.7 
9.7 


92.6 

2.4 
0.4 
0.6 
23.8 
0.3 
0.0 
12.4 
0.1 
11.5 
<0.1 
33.7 
2.2 
0.1 

0.89 
0.69 

49.4 
17.0 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f iclent  Sample 


(ppm) 

<0.l 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.96 

1.20 

1.06 

1.68 

0.68 

1.16 

(ppm) 

0.10 

0.71 

0.29 

0.49 

<0.1 

<0.1 

(ppm) 

6.7 

U.6 

5.4 

4.3 

4.7 

8.0 

(ppm) 

13.8 

152.0 

52.9 

29.3 

124.0 

284.0 

(ppm) 

0.30 

0.30 

0.15 

0.10 

0.20 

0.20 

(ppm) 

3.6 

45.2 

10.8 

7.9 

23.2 

54.9 

(ppm) 

0.2 

0.8 

1.2 

0.5 

0.4 

0.9 

(ppm) 

0.53 

3.9 

5.0 

12.2 

3.5 

4.4 

(ppm) 

6.6 

6.4 

3.7 

3.4 

3.2 

3.4 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

6.0 

10.1 

7.5 

7.0 

6.9 

9.4 
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EMRIA-Sand  Creek  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-111  (cont'd) 
Location:   60'  N.  &    60'  W.  of  SE  Corner,  Sec. 
Logged  by:   L,  Parish 
Date:   September  1981 


DETERMINATION 
LABORATORY  NUMBER 


33,  T.  155  N. ,  R.  102  W. 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

( percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  ram) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

( percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(%) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaClj 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HCOj_ 

(me/1) 

Cl- 

(me/1) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5<?25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

LABORATORY  DESCRIPTION 

Data 


4,545 

4,546 

4,547 

4,548 

4,549 

4,550 

111-13 

111-14 

111-15 

111-16 

111-17 

111-18 

131.0-133.0 

137.0-139.0 

161.0-163.0 

174.6-176.6 

201.9-203.9 

214.7-216.3 

0.4 

0.0 

0.1 

0.1 

0.0 

0.4 

0.1 

0.1 

0.7 

0.3 

0.0 

0.4 

0.1 

0.1 

1.1 

9.2 

0.0 

0.2 

0.7 

0.1 

46.7 

60.6 

0.1 

0.6 

21.2 

3.1 

30.4 

8.2 

0.1 

0.1 

22.5 

3.4 

79.0 

78.4 

0.2 

1.7 

60.7 

75.4 

12.7 

16.8 

39.6 

54.6 

16.8 

21.2 

8.3 

4.8 

60.2 

43.7 

0 

00 

0 

on 

50 

49 

2 

18 

2 

9 

0 

1" 

0 

80.0 
2.9 
0.2 
0.2 

29.1 
0.4 
1.1 

11.3 
0.3 

17.0 

<0.1 

65.1 
2.3 

<0.1 

0.90 
0.42 
61.9 
16.8 


0.00 
0.00 
52 

53.5 
24.2 

9.0 

9.8 


92.6 

3.0 

0.3 

0.3 

20.4 

0.4 

2.3 

13.2 

0.2 

14.5 

<0.1 

55.5 

2.8 

<0.1 

0.95 
0.58 
60.9 
19.2 


0.00 
0.00 
36 

28.9 
8.8 

9.4 
10.1 


47.1 

3.1 

0.2 

0.3 

31.3 

0.3 

1.9 

12.6 

0.4 

17.0 

<0.1 

62.6 

1.5 

<0.1 

0.71 
0.23 
66.4 
11.3 


0.02 
0.00 
31 

17.8 
6.0 

9.5 
10.2 


36.1 
3.0 
0.3 
0.3 

30.6 
0.3 
3.0 

13.0 
0.3 

13.0 

<0.1 

55.9 
1.1 

<0.l 

0.59 
0.37 
74.4 
7.8 


0.00 
0.00 
300 

70.2 
29.6 

9.3 

9.7 


165.2 

1.42 

0.2 

0.2 

14.1 

0.2 

1.0 

8.6 

0.2 

4.4 

<0.1 

31.5 

2.3 

0.1 

0.62 
0.64 
70.7 
22.2 


0.00 
0.00 
225 

61.0 
25.0 

9.0 
9.7 


118.2 

2.3 

0.2 

0.3 

22.6 

0.3 

0.7 

10.1 

0.1 

11.5 

<0.1 

45.2 

2.7 

0.1 

0.90 
1.04 
61.5 
21.8 


NaOAc?pH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f lclent  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.86 

0.82 

0.60 

0.42 

1  .00 

1.18 

(ppm) 

0.43 

0.35 

<0.1 

<0.1 

0.46 

0.10 

(ppm) 

5.4 

8.2 

1.6 

1.1 

14.3 

9.0 

(ppm) 

17.9 

54.0 

34.4 

39.2 

41.0 

61.0 

(ppm) 

0.30 

0.20 

0.20 

0.20 

0.20 

0.20 

(ppm) 

3.4 

8.6 

6.3 

3.9 

2.2 

11.5 

(ppm) 

0.6 

1.1 

0.2 

0.7 

0.4 

0.5 

(ppm) 

3.8 

0.25 

1.0 

0.72 

1.3 

2.4 

(ppm) 

4.7 

5.2 

3.1 

2.2 

12.5 

8.4 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

9.6 

9.2 

11.8 

12.6 

16.1 

10.9 

EMRIA-Sand  Creek  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-111  (cont'd) 

Location:   60'  N.  &  60'  W.  of  SE  Corner,  Sec.  33,  T.  155  N. ,  R.  102  W. 

Logged  by:   L.  Parish 

Date:   September  1981 


Table  12 
Sheet  4 


DETERMINATION 
LABORATORY  NUMBER 
SACK  NUMBER 


LABORATORY  DESCRIPTION 
Data 


4,551 


111-19 


DEPTH  (FT) 

219.5-221.5 

PARTICLE  SIZE  ANALYSIS 

( percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

0.0 

Coarse  Sand 

(1.0-0.5  mm) 

0.1 

Medium  Sand 

(0.5-0.25  mm) 

0.3 

Fine  Sand 

(0.25-0.10  mm) 

0.3 

Very  Fine  Sand 

(0.10-0.05  mm) 

0.4 

TOTAL  SAND 

(2.0-0.05  mm) 

1.1 

SILT 

(0.05-0.002  mm) 

60.6 

CLAY 

(0.002  mm) 

38.3 

GRAVEL 

(percent) 

- 

TEXTURAL  CLASS  (LAB) 

SiCL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

24th  Hr. 

0.00 

SETTLING  VOLUME 

(ml) 

140 

MOISTURE  RETENTION 

(%) 

1/3  bar 

47.1 

15  bar 

19.6 

SOIL  REACTION-pH 

Paste 

7.9 

1:5  H20 

8.9 

1:2  0.01   M  CaClj 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

115.2 

ECe@25°C 

(mmhos/cm) 

8.5 

Ca-H- 

(me/1) 

12.5 

Mg++ 

(me/1) 

7.0 

Na++ 

(me/1) 

78.1 

K+ 

(me/1) 

1.2 

co3_ 

(me/1) 

0.0 

HC03_ 

(me/1) 

5.2 

Cl- 

(me/1) 

0.3 

so4. 

(me/1) 

91.0 

N03_ 

(me/1) 

<0.1 

SAR 

(me/1) 

25.0 

Na 

(me/lOOg) 

9.0 

Ca+Mg 

(me/lOOg) 

2/2 

1:5  EXTRACT 

EC5@25°C 

(mmhos/cm) 

2.42 

Ca+Mg 

(me/1) 

2.70 

EXCHANGEABLE  SODIUM 

(percent) 

31.3 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

19.5 

NaOAc@pH  8.2 

SILVER  (Ag) 

(ppm) 

<0.1 

BORON  (B) 

(ppm) 

1.00 

CADMIUM  (Cd) 

(ppm) 

0.18 

COPPER  (Cu) 

(ppm) 

12.2 

IRON  (Fe) 

(ppm) 

170.0 

MERCURY  (Hg) 

(ppm) 

0.30 

MANGANESE  (Mn) 

(ppm) 

63.6 

MOLYBDENUM  (Mo) 

(ppm) 

2.2 

NICKEL  (Ni) 

(ppm) 

3.8 

LEAD  (Pb) 

(ppm) 

2.9 

SELENIUM  (Se) 

(ppm) 

<0.05 

ZINC  (Zn) 

(ppm) 

15.7 

*Insuf f icient  Sample" 
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Williston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-113 

Location:   2500'  N.  &  10'  E.  of  SW  Corner,  Sec.  14,  T.  155  N. 

Logged  by:   G.  Taucher 

Date:   August  1981 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
CRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


MOISTURE  RETENTION 
1/3  bar 
15  bar 
SOIL  REACTION-pH 
Paste 
1:5  H20 

1:2  0.01  _M_  CaCl^ 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
ECe»25°C 
Ca++ 
Mg++ 
Na++ 
K+ 

co3_ 

HCOj_ 

el- 
se^. 

N0-. 
SAR 


Ca+Mg 
1:5  EXTRACT 

EC5U250C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 


(me/lOOg) 


(mmhos/cm) 


(me/ 
(me/ 
(■ 

(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(■ 

(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


/I) 
/I) 
/I) 
/I) 
/I) 
/I) 
A) 
/I) 
/I) 
/I) 


LABORATORY  DESCRIPTION 
Data 

4,518 

4,519 

4,520 

4,521 

4,522 

4,523 

113-1 

113-2 

113-3 

113-4 

113-5 

113-6 

0-1.5 

1.5-5 

0 

5.0-7.5 

7.5-10 

0 

124.0-126.0 

139.5-141.5 

0.7 
3.4 
12.9 
18.9 
6.2 
42.1 
44.3 
13.6 


41.6 
0.63 
3.0 
1.6 
1.3 
0.5 
0.0 
3.9 
0.2 
1.7 
0.3 
0.9 
0.1 
0.2 

0.03 
0.71 
0.7 
15.3 


2.3 
3.6 
8.4 
16.3 
20.2 
30.8 
46.6 
22.6 


41.1 
0.46 
1.3 
2.3 
0.8 
0.2 
0.0 
3.0 
0.7 
0.4 

<0.1 
0.5 
0.0 
0.1 

0.09 
1.27 
1.5 
13.1 


2.7 
5.3 
6.6 
14.8 
12.0 
41.4 
35.8 
22.8 


42.0 
1.06 
0.7 
2.5 
7.1 
0.3 
0.0 
4.3 
0.7 
15.5 
<0.1 
5.6 
0.3 
0.1 

0.24 
1.06 
9.2 
13.0 


0.1 
0.0 
0.1 
0.2 
2.9 
3.3 
67.5 
29.2 


47.8 

2.95 

7.8 

14.9 

12.7 

0.9 

0.0 

2.3 

0.8 

32.3 

<0.1 

3.8 

0.6 

1.1 

0.42 
2.28 
6.6 
15.2 


1.1 
0.6 
0.3 
0.3 
30.5 
32.8 
70.3 
26.9 


63.6 
1.63 
7.9 
6.6 

2.7 
1.5 
0.0 
4.5 
0.2 
13.5 
0.2 
1.0 
0.2 
0.9 

0.34 
2.53 
3.2 
12.6 


2.3 
3.5 

7.7 
11.8 
11.6 
36.9 
38.3 
24.8 


0.79 

0.31 

0.06 

0.20 

0.06 

0.02 

0.91 

0.30 

0.04 

0.14 

0.02 

0.02 

(ml) 

21.0 

20.0 

28.0 

25.0 

31.0 

30.0 

(*) 

21.1 

21.9 

23.0 

24.8 

38.8 

38.8 

8.2 

8.8 

10.6 

12.0 

16.0 

18.0 

6.9 

7.9 

8.2 

8.3 

7.8 

8.0 

7.5 

9.0 

9.4 

8.8 

8.4 

8.7 

70.1 
1.60 
4.1 
3.9 
7.5 
1.2 
0.0 
5.3 
0.2 

10.0 
0.7 
3.8 
0.5 
0.6 

0.35 
2.08 
5.8 
17.3 


NaOActfpH  8.2 


SILVtK  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf t tclent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


<0.1 

<0.1 

<0.1 

1.24 

0.82 

0.52 

0.29 

0.50 

0.88 

2.2 

15.5 

12.5 

30.0 

136.0 

137.0 

0.20 

0.30 

0.40 

49.4 

38.2 

31.7 

0.7 

0.6 

1.6 

1.1 

4.2 

4.7 

0.80 

4.3 

3.2 

<0.05 

<0.05 

<0.05 

32.6 

10.2 

9.4 
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Wllllston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-113  (cont'd) 

Location:   2500'  N.  4  10'  E.  of  SW  Corner,  Sec.  14,  T.  155  N. ,  R.  100  W. 

Logged  by:   G.  Taucher 

Date:   August  1981 


LABORATORY  DESCRIPTION 


DETERMINATION 

LABORATORY  NUMBER 
SACK  NUMBER 


4,527 


113-10 


DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15   bar 
SOIL   REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl2 
GYPSUM  REQUIREMENT 


154.0-156.0 


174.0-176.0 


190.0-192.0 


223.0-225.0 


247.7-249.7 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(In/hr) 


(me/l00g) 


0.1 
0.0 
0.1 
0.5 
18.2 
18.9 
62.6 
18.5 


0.3 
0.3 
0.1 
0.2 
8.5 
9.4 
66.0 
24.6 


0.0 
0.0 
0.1 
16.6 
25.2 
41.9 
46.5 
11.6 


0.1 
0.1 
0.1 
0.2 
3.3 
3.8 
61.2 
35.0 


0.0 
0.0 
0.0 
0.1 
10.2 
10.3 
66.5 
23.2 


226.0-228.0 


0.1 

0.1 
0.2 
0.3 
0.7 
57.3 
42.0 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

38.0 

128.0 

180.0 

325.0 

450.0 

440.0 

a) 

41.6 

53.7 

38.7 

54.4 

58.2 

61.2 

17.2 

31.9 

22.6 

27.6 

34.7 

28.8 

8.4 

8.6 

9.2 

8.8 

9.3 

8.8 

9.4 

9.6 

10.0 

9.8 

9.8 

9.9 

SATURATION  EXTRACT 

Saturation 

Pei 

centage 

74.1 

102.4 

85.5 

114.7 

153.1 

123.2 

ECe@25°C 

(mmhos/cm) 

2.01 

2.20 

1.59 

2.29 

1.62 

2.59 

Ca++ 

(me/1) 

1.0 

0.3 

0.1 

0.1 

0.1 

0.4 

Mg-H- 

(me/1) 

0.6 

0.6 

0.2 

0.3 

0.1 

0.1 

Na++ 

(me/1) 

18.8 

21.1 

15.1 

23.5 

16.6 

25.9 

K+ 

(me/1) 

0.5 

0.5 

0.2 

0.3 

0.2 

0.3 

co3_ 

(me/1) 

0.4 

0.5 

0.9 

0.7 

1.2 

0.5 

HC03_ 

(me/1) 

7.9 

7.6 

6.7 

10.9 

9.0 

13.5 

Cl- 

(me/1) 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

so4_ 

(me/1) 

11.4 

13.0 

7.3 

!.0 

5.8 

12.0 

N03_ 

(me/1) 

0.4 

0.5 

0.2 

■CO. 1 

16.2 

<0.1 

SAR 

(me/1) 

21.0 

31.5 

39.0 

52.5 

52.5 

51.8 

Na 

(me/lOOg) 

1.4 

2.2 

1.3 

2.7 

2.5 

3.2 

Ca+Mg 

(me/lOOg) 

0.1 

0.1 

<0.1 

<0.1 

<0.1 

0.1 

1:5  EXTRACT 

EC5@25°C 

(ramhos/cm) 

0.50 

0.59 

0.47 

0.92 

0.75 

0.97 

Ca+Mg 

(me/1) 

0.35 

0.21 

0.21 

0.77 

1.20 

0.85 

EXCHANGEABLE 

SODIUM 

(percent) 

28.1 

43.3 

58.7 

63.6 

66.0 

60.1 

CATION  EXCHANGE 

CAPACITY 

(me/lOOg) 

16.0 

15.7 

9.2 

18.4 

20.3 

20.3 

NaOAcSpH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (2n) 
insufficient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.50 

0.30 

0.28 

0.26 

0.22 

0.26 

(ppm) 

0.66 

0.64 

0.72 

0.30 

0.16 

0.31 

(ppm) 

5.2 

4.7 

1.1 

9.8 

4.2 

12.0 

(ppm) 

136.0 

114.0 

63.1 

231.0 

162.0 

311.0 

(ppm) 

0.30 

0.30 

0.15 

0.40 

0.25 

0.50 

(ppm) 

26.3 

18.0 

8.5 

48.8 

21.9 

51.6 

(ppm) 

0.6 

0.4 

0.3 

1.0 

0.9 

0.8 

(ppm) 

4.8 

4.0 

6.3 

3.4 

2.8 

4.0 

(ppm) 

1.8 

1.6 

0.51 

1.6 

0.91 

2.3 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

7.4 

7.3 

4.5 

7.6 

6.3 

8.6 
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Wllllston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-113  (cont'd) 

Location:   2500'  N.  4  10'  E.  of  SW  Corner,  Sec.  14,  T.  155  N. ,  R.  100  W. 

Logged  by:   G.  Taucher 

Date:   August  1981 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  Sl/.e,   ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


LABORATORY  DESCRIPTION 
Data 

4,530 

4,531 

4,532 

113-13 

113-14 

113-15 

228.0-230.0 

255.6-257 

.6 

283.0-285.0 

(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


MOISTURE   RETENTION 
1/3    bar 
15  bar 
SOIL   REACT ION-pH 
Paste 
1:5  H20 

1:2   0.01      M     CaCl2 
GYPSUM   REQUIREMENT 
SATURATION    EXTRACT 

Saturation  Percentage 
ECe@25°C 
Ca++ 
Mg++ 
Na++ 
K+ 

co3_ 

HCOj_ 
Cl- 

so4. 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 


EC-MS-C 


Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOAcSpH  8.2 


(me/lOOg) 


(mrahos/cm) 


(me 

(me 

(me 

( 

(me 

(me 

( 

(me 

(me 

(me 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


/l) 
/l) 
/I) 
/l) 
/l) 
A) 
/I) 
A) 
/I) 
A) 


0.0 
0.0 
0.0 
0.1 
5.2 
5.3 
61.7 
33.0 


128.4 
2.03 
0.2 
0.1 

21.0 
0.2 
0.9 

11.8 
0.2 
7.5 

<0.1 

54.2 
2.7 

<0.1 

0.80 
1.25 
61.0 
20.0 


0.7 
0.2 
0.1 
0.3 
4.0 
5.3 
64.8 
29.9 


133.4 

2.00 

0.2 

0.1 

19.9 

0.2 

0.7 

7.9 

0.2 

11.5 

<0.1 

51.4 

2.7 

<0.1 

1.00 
0.66 
62.6 
19.8 


0.0 
0.1 
0.1 
0.3 
0.3 
0.8 
19.8 
59.4 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

400.0 

22.0 

420.0 

(%) 

55.7 

52.1 

66.6 

23.0 

31.8 

28.2 

9.0 

9.0 

8.5 

9.8 

9.3 

9.6 

151.2 

2.90 

0.3 

0.2 

28.5 

0.3 

0.1 

8.4 

0.5 

19.5 

<0.1 

57.0 

4.3 

0.1 

1.29 
1.00 
62.7 
23.6 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Ineuf f JclenJ  Sample 


(ppm) 

<0.1 

<0.1 

<0.l 

(ppm) 

0.24 

0.22 

0.28 

(ppm) 

0.64 

0.81 

0.60 

(ppm) 

8.5 

5.5 

21.5 

(ppm) 

295.0 

138.0 

204.0 

(ppm) 

0.20 

0.15 

0.40 

(ppm) 

56.0 

28.6 

62.7 

(ppm) 

0.9 

0.7 

2.1 

(ppm) 

3.7 

2.2 

7.7 

(ppm) 

1.8 

1.2 

5.7 

(ppm) 

<0.05 

<0.05 

<0.05 

(ppm) 

8.5 

9.3 

17.5 

Willlston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-114 

Location:   250'  E.  4  375'  N.  o£  SW  Corner, 

Logged  by:   F.  Calcagno 

Dace:   August  1981 


Sec.  11,  T.  154  N. 
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LABORATORY  DESCRIPTION 


DETERMINATION 

Data 

LABORATORY  NUMBER 

(percent) 

4,469 

4,470 

4,471 

4,472 

4,473 

4,474 

SACK  NUMBER 

114-1 

114-2 

114-3 

114-4 

114-5 

114-6 

DEPTH  (FT) 

0-0.6 

0.6-3.8 

3.8-7.0 

7.0-10.0 

16.0-18.0 

24.5-26.5 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

8.0 

1.2 

11.6 

1.5 

2.1 

0.0 

Coarse  Sand 

(1.0-0.5  mm) 

8.0 

3.3 

2.9 

2.8 

3.4 

0.1 

Medium  Sand 

(0.5-0.25  mm) 

LI. 3 

6.1 

6.2 

4.6 

6.7 

0.2 

Fine  Sand 

(0.25-0.10  mm) 

15.1 

11.1 

10.8 

11.1 

10.7 

0.2 

Very  Fine  Sand 

(0.10-0.05  mm) 

10.9 

11.1 

10.9 

11.5 

10.9 

0.3 

TOTAL  SAND 

(2.0-0.05  mm) 

53.3 

32.8 

32.4 

31.5 

33.8 

0.8 

SILT 

(0.05-0.002  mm) 

36.0 

40.6 

45.1 

46.5 

39.8 

58.4 

CLAY 

(0.002  mm) 

10.7 

26.6 

22.5 

22.0 

26.4 

40.8 

GRAVEL 

(percent) 

- 

- 

- 

- 

- 

- 

TEXTUKAL  CLASS  (LAB) 

FSL 

L 

L 

L 

L 

SIC 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.28 

0.10 

0.20 

0.12 

0.08 

0.00 

24th  Hr. 

0.22 

0.12 

0.24 

0.08 

0.08 

0.04 

SETTLING  VOLUME 

(ml) 

21.0 

24.0 

24.0 

25.0 

27.0 

45.0 

MOISTURE  RETENTION 

(X) 

1/3  bar 

22.2 

27.6 

25.3 

25.2 

25.4 

32.3 

15  bar 

9.4 

11.9 

12.3 

12.3 

12.6 

14.7 

SOIL  R£ACTlON-pH 

Paste 

7.4 

8.3 

8.0 

7.7 

7.7 

8.0 

1:5  H20 

7.9 

9.0 

8.5 

8.3 

8.5 

8.5 

1:2  0.01   M  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

50.5 

49.4 

52.4 

52.2 

53.5 

67.8 

ECe@25°C 

(mmhosA:m) 

1.70 

0.90 

8.2 

7.4 

6.4 

6.0 

Ca++ 

(me/1) 

- 

2.1 

22.4 

23.1 

25.9 

21.0 

Mg++ 

(me/1) 

- 

2.1 

64.7 

50.8 

36.7 

26.1 

Na++ 

(me/1) 

1.68 

4.1 

37.8 

33.2 

26.0 

29.8 

K.+ 

(me/1) 

- 

0.3 

1.0 

1.1 

1.3 

1.0 

co3_ 

(me/1) 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

HCO.,_ 

(me/1) 

- 

4.0 

2.1 

1.3 

1.6 

1.6 

Cl- 

(me/1) 

- 

0.5 

3.1 

3.2 

2.0 

0.3 

so4_ 

(me/1) 

- 

4.0 

120.0 

103.0 

72.5 

61.0 

N03_ 

(me/I) 

- 

0.1 

0.1 

5.6 

14.5 

17.1 

SAR 

(me/1) 

- 

2.8 

5.4 

5.5 

4.7 

6.1 

Na 

(me/lOOg) 

0.1 

0.2 

2.0 

1.7 

1.4 

2.0 

Ca+Mg 

(me/lOOg) 

- 

0.2 

4.6 

3.9 

3.3 

3.2 

1:5  EXTRACT 

tC5«25°C 

(mmhos/cm) 

0.60 

0.24 

2.8 

2.82 

1.81 

1.30 

Ca+Mg 

(me/1) 

3.74 

2.07 

27.8 

33.7 

13.0 

6.06 

EXCHANGEABLE  SODIUM 

(percent) 

0.6 

0.5 

9.0 

8.0 

21.6 

7.2 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

18.3 

18.3 

17.8 

22.6 

15.3 

15.3 

NaOActfpH  8.2 

SILVER  (Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

BORON  (B) 

(ppm) 

- 

- 

- 

1.74 

3.86 

1.24 

CADMIUM  (Cd) 

(ppm) 

- 

- 

- 

0.52 

0.32 

0.27 

COPPER  (Cu) 

(ppm) 

- 

- 

- 

2.7 

2.6 

2.9 

IRON  (Fe) 

(ppm) 

- 

- 

- 

31.9 

38.8 

26.1 

MERCURY  (Hg) 

(ppm) 

- 

- 

- 

0.15 

0.15 

0.20 

MANGANESE  (Mn) 

(ppm) 

- 

- 

- 

44.9 

54.3 

53.8 

MOLYBDENUM  (Mo) 

(ppm) 

- 

- 

- 

0.6 

0.3 

0.4 

NICKEL  (Nl) 

(ppm) 

- 

- 

- 

0.95 

1.3 

1.00 

LEAD  (Pb) 

(ppm) 

- 

- 

- 

1.3 

1.5 

2.4 

SELENIUM  (Se) 

(ppm) 

- 

- 

- 

<0.05 

<0.05 

<0.05 

ZINC  (Zn) 

(ppm) 

- 

- 

- 

5.1 

3.2 

1.8 

'Insufficient  Sample 

EMRIA-Williston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-114  (cont'd) 

Location:   250'  E.  &  375'  N.  of  SW  Corner,  Sec.  11, 

Logged  by:   F.  Calcagno 

Date:   August  1981 


DETERMINATION 

LABORATORY  NUMBER 
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T.  154  N. ,  R.  100  W. 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaClj 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 


( percent) 

(2.0-1.0  ram) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


(ml) 
(*) 


Saturation  Percentage 
ECe@25°C 

Ca++ 

Mg++ 

Na++ 

K+ 

co3_ 

HC0j_ 
Cl- 

so,._ 


Ca+Mg 
1:5  EXTRACT 

EC5@25°C 

Ca+Mg 
EXCHANGF.ABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


4,475 


0.0 
0.0 
0.1 
0.6 
30.3 
31.0 
61.1 
7.9 


0.14 
0.16 
20 

17.6 
4.2 

8.5 
9.0 


45.3 
3.2 
5.9 
9.1 

20.5 
0.7 
0.4 
2.0 
0.0 

25.7 
6.9 
7.5 
0.9 
0.7 

0.61 
2.35 
10.0 
7.0 


LABORATORY  DESCRIPTION 


4,476 


4,479 


114-8 


114-11 


0.0 
0.3 
0.3 
0.6 
1.1 
2.3 
63.8 
33.9 


0.08 
0.14 
38 

34.2 
14.9 

7.7 
8.2 


61.0 

5.7 

16.0 

24.2 

30.7 

1.2 

0.0 

4.0 

<0.1 

51.4 

17.9 

6.9 

1.9 

2.5 

1.15 
5.34 
7.8 
18.0 


10.0 
0.0 
0.1 
0.6 
11.8 
12.5 
63.3 
24.2 


0.20 
0.22 
30 

33.4 
15.9 

7.6 
7.9 


56.6 

7.4 

26.4 

35.8 

36.5 

1.1 

0.0 

3.1 

<0.1 

80.0 

20.3 

6.5 

2.1 

3.5 

1.84 
13.7 

6.7 
17.8 


0.0 
0.1 
0.2 
0.4 
1.1 
1.8 
59.2 
39.0 


0.00 
0.00 
45 


7.5 
8.0 


60.9 
4.3 
0.00 
0.00 

26.9 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.6 
0.00 

0.75 
2.28 

8.1 
21.0 


0.1 
0.1 
0.1 
0.0 
0.1 
0.4 
83.7 
15.9 


0.00 
0.02 
34 

31.9 
6.4 

8.4 
9.2 


53.1 
2.6 
3.1 

6.1 
19.5 
0.7 
0.0 
2.4 
0.4 
23.5 
1.5 
9.1 
1.0 
0.5 

0.41 
0.85 
16.7 
6.6 


114-12 
B5. 0-87.0 


0.1 
0.4 
0.1 
0.0 
0.2 
0.8 
73.4 
25.8 


0.00 
0.14 
36 

32.2 
12.7 

7.9 
8.5 


58.4 
1.76 
4.5 
6.3 
8.3 
1.2 
0.0 
5.4 
0.0 

13.2 
0.1 
3.6 
0.5 
0.6 

0.42 
1.89 
7.7 
13.0 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANCANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Ni) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
♦Insufficient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.92 

1.64 

2.22 

0.58 

0.64 

0.76 

(ppm) 

<0.l 

0.66 

1.05 

0.67 

0.33 

0.51 

(ppm) 

2.3 

7.3 

10.0 

6.1 

0.9 

6.5 

(ppm) 

15.6 

74.3 

108.0 

78.5 

21.2 

185.0 

(ppm) 

0.10 

0.25 

0.30 

0.25 

0.15 

0.30 

(ppm) 

13.4 

32.8 

20.9 

1.0 

20.5 

47.7 

(ppm) 

0.1 

0.4 

0.3 

0.2 

0.2 

0.5 

(ppm) 

0.32 

2.7 

3.8 

0.61 

0.15 

3.1 

(ppm) 

1.2 

2.9 

2.3 

4.8 

1.2 

3.1 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

1.0 

5.2 

5.4 

2.1 

0.5 

9.3 
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EMRIA-Wllliston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-114  (cont'd) 

Location:   250'  E.  &  375'  N.  of  SW  Corner,  Sec.  11, 

Logged  by:   F.  Calcagno 

Date:   Auguat  1981 


DETERMINATION 
LABORATORY  NUMBER 


T.  154  N.,  R.  100  W. 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 

SILT  ( 

CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2    0.01   _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION   EXTRACT 

Saturation  Percentage 

ECe925°C 
Ca-H- 
Mg++ 
Na++ 
K+ 

co3_ 

HC03_ 

el- 
se*,. 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5@25°C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
Na0Ac(?pH  8.2 


( percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

0.05-0.002  mm) 

(0.002  mm) 

( percent) 

(ln/hr) 


(ml) 

C%) 


(me/lOOg) 


(ramhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(ramhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


0.2 
0.4 
0.3 
0.8 
10.3 
12.0 
71.6 
16.4 


0.00 
0.00 
38 

38.4 
15.7 

8.3 
9.1 


67.7 
2.0 
1.5 
0.5 

17.6 
0.6 
0.0 
8.8 
0.2 

10.8 
0.1 

17.6 
1.2 
0.1 

0.39 
0.52 
20.7 
17.9 


LABORATORY  DESCRIPTION 


4,482 


114-14 


110.0-112.0 


114.7-116.7 


130.0-132.0 


0.1 
0.4 
0.2 
0.1 
0.2 
1.0 
66.5 
32.5 


0.00 
0.00 
125 

44.4 
23.7 

8.3 
9.3 


110.2 

1.95 

0.8 

0.5 

18.2 

0.4 

0.0 

6.7 

0.1 

13.5 

<0.1 

22.6 

2.0 

0.1 

0.51 
0.46 
31.3 
17.9 


0.1 
0.1 
0.3 
0.4 
0.6 
1.5 
68.5 
30.0 


0.00 
0.02 
75 

33.9 
13.6 

7.5 
8.5 


69.5 

8.9 

20.5 

13.3 

70.6 

1.4 

0.0 

3.3 

0.2 

103.0 

<0.1 

17.2 

4.9 

2.3 

1.29 
2.08 
24.2 
12.4 


0.5 
0.5 
0.6 
0.4 
6.7 
10.7 
81.5 
7.8 


0.00 
0.02 
34 

40.2 
14.7 

6.9 

8.0 


70.3 

11.3 

19.5 

20.30 

83.5 

1.2 

0.00 

7.6 

0.4 

114.0 

<0.1 

18.7 

5.9 

2.8 

1.74 
3.95 
30.6 
21.6 


0.2 
0.0 
0.0 
0.0 
0.0 
0.2 
64.7 
35.1 


0.00 
0.00 
155 

36.9 
17.4 

8.6 
9.9 


72.7 
2.90 
0.5 
0.2 

27.3 
0.4 
0.0 
9.4 
0.3 

20.0 

<0.1 

46.1 
2.0 
0.1 

0.88 
0.37 
54.6 
9.3 


4,486 


114-18 


153.0-155.0 


0.1 
0.0 
0.1 
0.1 
1.1 
1.4 
S8.6 
40.0 


0.00 
0.00 
400 

61.9 
32.4 

8.9 
10.0 


136.5 
2.05 
0.6 
0.3 
19.4 
0.3 
0.0 
7.8 
0.2 
11.8 
<0.1 
28.9 
2.6 
0.1 

0.94 
0.37 
66.2 
19.8 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f lcient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.48 

0.48 

1.00 

2.98 

0.50 

0.52 

(ppm) 

0.16 

0.78 

0.43 

0.74 

0.45 

0.41 

(ppm) 

6.3 

7.7 

9.3 

6.5 

6.4 

13.7 

(ppm) 

239.0 

283.0 

89.3 

160.0 

254.0 

202.0 

(ppm) 

0.25 

0.20 

0.30 

0.50 

0.30 

0.25 

(ppm) 

45.4 

61.2 

62.8 

22.5 

64.3 

33.1 

(ppm) 

0.5 

0.5 

0.3 

1.4 

0.3 

0.8 

(ppm) 

3.2 

1.3 

3.2 

4.5 

1.7 

6.0 

(ppm) 

2.4 

1.4 

2.8 

2.0 

3.4 

6.9 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

9.6 

6.1 

12.8 

19.3 

6.5 

9.4 
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Williston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-114  (cont'd) 

Location:   250'  E.  4  375'  N.  of  SW  Corner,  Sec.  11,  T.  154  N.,  R.  100  W. 

Logged  by.   F.  Calcagno 

Date:   August  1981 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


LABORATORY  DESCRIPTION 
Data 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.U02  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


4,487 

4,488 

4,489 

4,490 

4,491 

4,492 

114-19 

114-20 

114-21 

114-22 

114-23 

114-24 

164. 5-166.1 

169.3-171.3 

182.1-184.1 

186.0-187.2 

193.0-195.0 

202.0-204.0 

0.1 

4.5 

0.0 

Hard 

0.6 

0.0 

0.1 

0.6 

0.0 

Sample 

0.3 

0.1 

0.1 

0.2 

0.0 

Not 

0.5 

0.1 

12.5 

0.4 

0.1 

Analyzed 

0.6 

0.0 

41.3 

3.2 

4.9 

0.6 

0.0 

54.1 

8.9 

5.0 

2.6 

0.3 

28.9 

65.4 

75.4 

48.8 

62.1 

17.0 

25.7 

19.6 

48.6 

37.6 

MOISTURE  RETENTION 

1/J  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  Cad, 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

275.0 

400.0 

275.0 

(2) 

53.0 

61.5 

50.2 

33.8 

32.7 

33.6 

9.5 

9.0 

8.9 

10.3 

9.9 

9.8 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

128.8 

154.3 

113.4 

ECe@25°C 

(mmhos/cm) 

1.39 

1.80 

1.88 

Ca++ 

(me/1) 

0.2 

0.2 

0.3 

Mg++ 

(me/1) 

<0.1 

0.1 

<0.1 

Na-H- 

(me/1) 

13.6 

17.4 

18.5 

K> 

(me/1) 

0.2 

0.1 

0.2 

co3. 

(me/1) 

4.1 

1.2 

1.2 

HC03_ 

(me/1) 

15.6 

7.7 

7.7 

Cl- 

(me/1) 

0.2 

0.1 

0.1 

so4_ 

(me/1) 

3.0 

9.3 

9.3 

N03_ 

(me/1) 

1.1 

<0.1 

<0.1 

SAK 

(me/I) 

43.0 

44.9 

47.8 

Na 

(me/lOOg) 

1.8 

2.7 

2.1 

Ca+Mg 

(me/lOOg) 

<0.1 

<0.1 

<0.1 

1:5  EXTRACT 

EC5825°C 

(mmhos/cm) 

0.77 

0.95 

0.89 

Ca+Mg 

(me/1) 

0.17 

0.08 

0.21 

EXCHANGEABLE  SODIUM 

(percent) 

72.4 

62.2 

60.0 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

15.6 

21.4 

18.5 

NaOActfpH  8.2 

SILVER  (Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

BORON  (B) 

(ppm) 

0.48 

0.20 

0.50 

CADMIUM  (Cd) 

(ppm) 

0.52 

0.60 

0.22 

COPPER  (Cu) 

(ppm) 

2.5 

8.7 

7.4 

IRON  (Fe) 

(ppm) 

50.1 

181.0 

198.0 

MERCURY  (Hg) 

(ppm) 

0.20 

0.35 

0.25 

MANGANESE  (Mn) 

(ppm) 

9.3 

29.3 

40.3 

MOLYBDENUM  (Mo) 

(ppm) 

0.3 

0.9 

0.6 

NICKEL  (Ni) 

(ppm) 

1.1 

5.6 

5.6 

LEAD  (Pb) 

(ppm) 

1.8 

3.2 

5.6 

SELENIUM  (Se) 

(ppm) 

<0.05 

<0.05 

<0.05 

ZINC  (Zn) 

(ppm) 

9.6 

9.9 

8.5 

*Insuf f lcient  Sample 

0.00 

0.00 

0.00 

0.00 

340.0 

350.0 

53.8 

47.2 

25.3 

31.0 

7.8 

8.8 

9.4 

9.9 

148.2 

136.6 

4.1 

1.90 

1.1 

0.2 

1.1 

0.1 

40.4 

18.4 

0.6 

0.2 

0.0 

0.8 

8.9 

8.5 

0.2 

0.1 

35.0 

9.5 

<0.1 

<0.1 

38.5 

47.5 

6.0 

2.5 

0.3 

<0.I 

0.98 

0.88 

0.85 

0.31 

44.4 

59.9 

21.4 

16.2 

<0.1 
0.36 
0.72 

18.9 
402.0 
0.35 

55.1 
1.4 
6.5 
6.5 

<0.05 

10.8 


<0.1 
0.22 

<0.1 
6.4 
229.0 
0.30 

55.7 
0.9 
1.6 
1.6 

<0.05 

6.5 


EMRIA-WUHston   Study   Area,    North   Dakota 

Geologic   Drill    Hole:      81-114   (cont'd) 

Location:      250'    E.    &    375'    N.    of    SW  Corner,    Sec.    11,   T.    154  N. 

Logged  by:      F.   Calcagno 

Date:      August   1981 
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LABORATORY   DESCRIPTION 

DETERMINATION 

Data 

LABORATORY   NUMBER 

4,493           *«*>*_ 

4,495 

__A-A9_6. ... 

4,497 _ 

SACK  NUMBER 

uws Ll_i~_?A 

114-2  7 

114-28 
___2_53-244 

114-29 
258-259 

DEPTH   (FT) 

207.0-209.0              213.0^2_1_5L0 

JAl-Jt^Al-l.. 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Hard                                  1.3 

0.7 

0.1 

0.0 

Coarse   Sand 

(1.0-0.5   mm) 

Sample                             0.5 

1.1 

0.0 

0.0 

Medium  Sand 

(0.5-0.25  mm) 

Not                                 0.2 

0.7 

0.0 

0.0 

Fine   Sand 

(0.25-0.10  mm) 

Analyzed                             0.4 

0.5 

0.1 

0.6 

Very   Fine   Sand 

(0.10-0.05  mm) 

20.7 

0.2 

7.2 

30.7 

TOTAL   SAND 

(2.0-0.05  mm) 

23.1 

3.2 

7.4 

31.3 

SILT 

(0.05-0.002  mm) 

56.1 

59.8 

58.6 

46.7 

CLAY 

(0.002  mm) 

20.8 

37.0 

34.0 

22.0 

GRAVEL 

(percent) 

- 

- 

- 

- 

TEXTURAL   CLASS   (LAB) 

S1L 

StCL 

S1CL 

L 

HYDRAULIC   CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

24th   Hr. 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

340. 

250. 

325. 

390. 

MOISTURE   RETENTION 

m 

1/3  bar 

53.5 

69.5 

62.6 

57.8 

15  bar 

34.1 

30.4 

32.9 

36.1 

SOIL   REACTION-pH 

Paste 

9.0 

8.4 

9.2 

9.3 

1:5   H20 

10.0 

9.6 

10.0 

10.2 

1:2   0.01  _M_  CaCl2 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

141.4 

150.0 

146.7 

141.0 

ECe?25°C 

(mmhos/cm) 

1.48 

'2.21 

1.72 

1.88 

Ca++ 

(me/1) 

0.2 

0.4 

0.3 

0.2 

Mg++ 

(me/1) 

0.1 

<0.1 

<0.l 

0.1 

Na++ 

(me/1) 

14.3 

22.2 

17.3 

17.4 

K+ 

(me/1) 

0.1 

0.3 

0.2 

0.2 

co3_ 

(me/1) 

0.9 

0.5 

2.6 

1.9 

HC03_ 

(me/1) 

7.4 

11.0 

8.8 

5.9 

Cl- 

(me/1) 

0.1 

0.2 

0.1 

0.1 

so4_ 

(me/1) 

6.5 

11.0 

6.3 

9.5 

N03_ 

(me/1) 

0.2 

<0.1 

<0.1 

0.3 

SAT. 

(me/1) 

36.9 

49.6 

44.7 

44.9 

Na 

(me/lOOg) 

2.0 

3.3 

2.5 

2.5 

Ca+Mg 

(me/lOOg) 

<0.1 

0.1 

<0.1 

<0.1 

1:5   EXTRACT 

EC5?25',C 

(mmhos/cm) 

0.89 

0.79 

0.90 

0.86 

Ca+Mg 

(me/1) 

0.42 

0.48 

0.42 

0.64 

EXCHANGEABLE   SODIUM 

(percent) 

77.3 

65.1 

68.6 

66.0 

CATION   EXCHANGE   CAPACITY               (me/lOOg) 

15.4 

25.8 

23.6 

19.4 

NaOAcdpH  8.2 

SILVER  (Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

BORON   (B) 

(ppm) 

0.38 

0.90 

0.28 

0.28 

CADMIUM   (Cd) 

(ppm) 

0.57 

<0.1 

0.53 

0.73 

COPPER  (Cu) 

(ppm) 

6.9 

16.2 

12.4 

5.2 

IRON  (Fe) 

(ppm) 

188.0 

66.4 

55.2 

77.7 

MERCURY   (Hg) 

(ppm) 

0.25 

0.35 

0.35 

0.25 

MANGANESE  (Mn) 

(ppm) 

31.0 

2.6 

12.5 

15.3 

MOLYBDENUM  (Mo) 

(ppm) 

0.6 

0.2 

0.6 

1.3 

NICKEL   (Nl) 

(ppm) 

4.4 

0.92 

2.7 

1.8 

LEAD   (Pb) 

(ppm) 

2.7 

9.7 

8.4 

2.5 

SELENIUM  (Se) 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

ZINC   (Zn) 

(ppm) 

11.4 

14.2 

13.1 

14.2 

*Insuf f lclent    Sample 
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Williston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-117 

Location:   2500'  S.  4  115'  W.  of  NE  Corner,  Sec.  34,  T.  156  N. ,  R.  97  V., 

Logged  by:   L.  Parish 

Date:   July  1981 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

CRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(*) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M   CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe?25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Cl- 

(me/1) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5?25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY       (me/lOOg) 

LABORATORY  DESCRIPTION 

Data 

21,236 

21,237 

21,238 

21,239 

21,240 

117-1 

117-2 

117-3 

117-4 

117-5 

0.0-0.33 

0.33-3 

.2 

3.2-9.0 

9.0-47 

.5 

47.5-68.8 

38.1 
36.5 

25.4 


44.1 
1.02 
7.25 
3.53 
1.53 
0.05 
0.00 
6.75 
0.44 
2.54 
1.00 
0.66 
0.07 
0.48 

0.14 

1.14 

0.63 

23.40 


11.3 

15.1 

15.6 

32.2 

10.5 

23.3 

34.7 

84.7 

18.6 

36.4 

36.9 

11.1 

50.1 

29.3 

28.4 

4.2 

31.3 

- 

14.2 

- 

- 

CL 

CL 

LCOS 

S1CL 

0.04 

0.04 

0.47 

0.04 

0.04 

0.04 

0.51 

0.04 

25 

26 

16 

28 

49.7 
0.65 
1.59 
3.71 
1.39 
0.04 
0.00 
3.94 
0.94 
0.66 
0.44 
0.85 
0.06 
0.23 

0.17 

1.27 

1.09 

22.93 


50.0 
0.71 
1.04 
1.99 
4.45 
0.05 
0.00 
3.85 
0.31 
1.59 
0.36 
3.60 
0.20 
0.13 

0.20 
0.91 
4.12 
20.22 


20.7 
1.61 

10.09 
4.16 
3.54 
0.07 
0.00 
2.19 
1.75 

12.74 
0.26 
1.30 
0.16 
0.63 

0.15 
0.94 
0.47 
5.00 


58.8 
0.77 
4.89 
2.26 
0.96 
0.07 
0.00 
4.27 
0.23 
1.98 
0.18 
0.51 
0.06 
0.42 

0.20 

2.40 

0.43 

28.91 


Na0Ac@pH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (  Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f Iclent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


0.79 

1.56 

0.79 

0.25 

0.04 

0.06 

0.04 

0.06 

2.8 

2.4 

1.2 

7.8 

32.0 

32.6 

28.6 

51.4 

0.04 

0.04 

0.03 

0.05 

18.6 

15.4 

7.8 

33.2 

0.20 

0.58 

0.15 

0.51 

0.6 

0.4 

0.4 

1.0 

1.0 

0.8 

0.6 

2.8 

1.64 


Wllllston  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-117  (cont'd) 
Location:   2500'  S.  &  115'  W.  of  NE  Corner, 
Logged  by:   L.  Parish 
Date:   July  1981 


Sec.  34,  T.  156  N. ,  R.  97  W. 
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LABORATORY  DESCRIPTION 


DETERMINATION 

(percent) 

Data 

LABORATORY  NUMBER 

21,241 

21,242 

21,243 

21,244 

21,245 

SACK  NUMBER 

117-6 

117-7 

117-8 

117-9 

117-10 

DEPTH  (FT) 

91.8-100.5 

100.5-110.0 

120.0-116.5 

116.5-121.6 

121.6-129.0 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

0.2 

0.4 

Coarse  Sand 

(1.0-0.5  mm) 

0.2 

0.5 

Medium  Sand 

(0.5-0.25  mm) 

1.8 

0.4 

Fine  Sand 

(0.25-0.10  ram) 

32.9 

19.0 

Very  Fine  Sand 

(0.10-0.05  mm) 

23.3 

27.3 

TOTAL  SAND 

(2.0-0.05  mm) 

17.2 

58.4 

7.3 

47.6 

1.3 

SILT 

(0.05-0.002  mm) 

63.6 

37.9 

65.1 

44.4 

56.8 

CLAY 

(0.002  mm) 

19.2 

3.7 

27.6 

8.0 

41.9 

GRAVEL 

( percent) 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (LAB) 

SiL 

FSL 

SiCL 

L 

SIC 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.08 

0.37 

0.04 

0.24 

0.04 

24th  Hr. 

0.06 

0.39 

0.04 

0.26 

0.04 

SETTLING  VOLUME 

(ml) 

26 

21 

35 

22 

40 

MOISTURE  RETENTION 

(%) 

1/3  bar 

- 

- 

- 

- 

- 

15  bar 

14.8 

9.0 

21.1 

11.0 

25.6 

SOIL  REACTION-pH 

Paste 

1:5  H20 

8.4 

8.9 

9.0 

8.9 

8.4 

1:2  0.01  _M_  CaCl2 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-0,50 

-0.80 

+0.47 

-0.11 

-0.57 

SATURATION  EXTRACT 

Saturation  Percentage 

61.9 

42.1 

75.8 

48.0 

90.8 

ECe@25°C 

(mmhos/cm) 

0.47 

0.57 

0.42 

0.51 

0.84 

Ca++ 

(me/1) 

1.87 

2.25 

1.54 

1.92 

3.62 

Mg++ 

(me/1) 

1.81 

2.26 

1.54 

1.72 

3.08 

Na++ 

(me/1) 

0.91 

1.20 

0.96 

1.34 

1.91 

K+ 

(me/1) 

0.04 

0.03 

0.04 

0.03 

0.07 

co3_ 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

HCOj. 

(me/1) 

2.27 

1.53 

1.96 

1.94 

2.24 

Cl- 

(me/1) 

0.29 

0.36 

0.13 

0.23 

0.20 

so4. 

(me/1) 

1.23 

2.29 

1.23 

1.94 

2.56 

N03_ 

(me/1) 

0.24 

0.24 

0.20 

0.28 

0.12 

SAR 

(me/1) 

0.67 

0.80 

0.77 

0.99 

1.00 

Na 

(me/lOOg) 

0.06 

0.05 

0.07 

0.06 

0.17 

Ca+Mg 

(me/lOOg) 

0.23 

0.19 

0.23 

0.17 

0.61 

1:5  EXTRACT 

EC5@25°C 

(mmhos/cm) 

0.14 

0.10 

0.14 

0.12 

0.26 

Ca+Mg 

(me/1) 

0.98 

0.74 

0.98 

0.83 

1.55 

EXCHANGEABLE  SODIUM 

( percent) 

0.75 

2.79 

1.55 

1.38 

1.73 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

25.98 

17.50 

30.11 

21.30 

27.93 

NaOAc(?pH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

0.93 

1.18 

1.22 

1.31 

1.72 

CADMIUM  (Cd) 

(ppm) 

0.04 

0.04 

0.04 

0.04 

0.10 

COPPER  (Cu) 

(ppm) 

1.4 

0.6 

1.8 

1.2 

6.2 

IRON  (Fe 

(ppm) 

15.0 

14.8 

18.4 

16.6 

53.8 

MERCURY  (Hg) 

(ppm) 

0.08 

0.04 

0.07 

0.05 

0.06 

MANGANESE  (Mn) 

(ppm) 

3.4 

9.2 

8.4 

2.0 

19.6 

MOLYBDENUM  (Mo) 

(ppm) 

0.07 

0.00 

0.07 

0.13 

0.57 

NICKEL  (Ni) 

(ppm) 

0.2 

0.4 

0.4 

0.4 

3.2 

LEAD  (Pb) 

(ppm) 

0.8 

0.4 

1.0 

0.6 

5.0 

SELENIUM  (Se) 

(ppm) 

- 

- 

- 

- 

- 

ZINC  (Zn) 

(ppm) 

0.50 

0.46 

0.74 

0.74 

4.66 

*Insuf f lcient  Sample 

Wllllston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-117  (cont'd) 

Location:   2500'  S.  4  115'  W.  of  NE  Corner,  Sec.  34,  T.  156  N. ,  R.  97  W. 

Logged  by:   L.  Parish 

Date:   July  1981 
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LABORATORY  DESCRIPTION 


DETERMINATION 

(percent) 

Data 

LABORATORY  NUMBER 

21,246 

21,247 

21,248 

21,249 

21,250 

SACK  NUMBER 

117-11 

117-12 

117-13 

117-14 

117-15 

DEPTH  (FT) 

130.0-144.0 

144.0-164.0 

164.0-205.0 

205.0-239.0 

244.3-266.0 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

0.2 

- 

0.1 

0.1 

- 

Coarse  Sand 

(1.0-0.5  mm) 

0.3 

- 

1.0 

1.6 

- 

Medium  Sand 

(0.5-0.25  mm) 

0.2 

- 

8.3 

28.1 

- 

Fine  Sand 

(0.25-0.10  mm) 

7.8 

- 

56.1 

45.5 

- 

Very  Fine  Sand 

(0.10-0.05  mm) 

37.9 

- 

14.9 

6.7 

- 

TOTAL  SAND 

(2.0-0.05  mm) 

46.4 

2.2 

80.4 

82.0 

2.0 

SILT 

(0.05-0.002  mm) 

46.2 

69.0 

11.4 

13.9 

63.7 

CLAY 

(0.002  mm) 

7.4 

28.2 

8.2 

4.1 

34.3 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

L 

SiCL 

LFS 

LS 

SiCL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.08 

0.04 

0.79 

0.71 

0.00 

24th  Hr. 

0.06 

Tr. 

0.79 

0.67 

0.00 

SETTLING  VOLUME 

(ml) 

23 

32 

20 

18 

40 

MOISTURE  RETENTION 

(%) 

1/3  bar 

- 

- 

- 

- 

- 

15  bar 

14.2 

20.6 

6.0 

5.1 

22.2 

SOIL  REACTION-pH 

Paste 

1:5  H20 

8.8 

8.6 

9.2 

9.3 

9.0 

1:2  0.01  _M_  CaCl2 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-0.84 

-1.60 

-0.40 

+  1.45 

+3.22 

SATURATION  EXTRACT 

Saturation  Percentage 

48.6 

68.2 

37.5 

32.3 

79.9 

ECe?25°C 

(mmhos/cm) 

1.81 

1.81 

1.36 

1.70 

1.62 

Ca++ 

(me/1) 

9.22 

8.67 

3.29 

3.95 

0.93 

Mg++ 

(me/1) 

8.68 

8.14 

3.26 

4.16 

1.18 

Na++ 

(me/1) 

3.11 

3.35 

7.84 

9.52 

13.97 

K+ 

(me/1) 

0.09 

0.11 

0.05 

0.08 

0.07 

co3_ 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.05 

HC03_ 

(me/1) 

2.59 

2.30 

1.86 

2.83 

4.93 

Cl- 

(me/1) 

0.20 

0.37 

0.37 

0.37 

0.12 

so4_ 

(me/1) 

17.78 

17.28 

11.39 

13.49 

9.58 

N03_ 

(me/1) 

0.16 

0.20 

0.16 

0.28 

0.10 

SAR 

(me/1) 

1.00 

1.20 

4.30 

4.70 

14.00 

Na 

(me/lOOg) 

0.15 

0.23 

0.24 

0.31 

1.09 

Ca+Mg 

(me/lOOg) 

0.87 

1.15 

0.25 

0.26 

0.16 

1:5  EXTRACT 

EC5?25°C 

(mmhos/cm) 

0.29 

0.39 

0.21 

0.20 

0.41 

Ca+Mg 

(me/1) 

1.90 

2.58 

0.66 

0.59 

0.62 

EXCHANGEABLE  SODIUM 

(percent) 

1.77 

1.94 

6.43 

8.63 

14.90 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

19.13 

23.37 

10.11 

7.93 

22.39 

NaOAc@pH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

1.25 

1.22 

1.25 

1.09 

2.79 

CADMIUM  (Cd) 

(ppm) 

0.08 

0.04 

0.04 

0.04 

0.10 

COPPER  (Cu) 

(ppm) 

1.0 

2.6 

1.8 

4.6 

8.8 

IRON  (Fe 

(ppm) 

22.4 

40.4 

47.2 

58.2 

35.8 

MERCURY  (Hg) 

(ppm) 

0.06 

0.08 

0.05 

0.05 

0.09 

MANGANESE  (Mn) 

(ppm) 

3.6 

10.6 

6.2 

5.2 

5.8 

MOLYBDENUM  (Mo) 

(ppm) 

0.11 

0.22 

0.31 

0.17 

0.31 

NICKEL  (Nl) 

(ppm) 

1.0 

1.0 

0.6 

1.8 

6.6 

LEAD  (Pb) 

(ppm) 

1.8 

3.0 

0.8 

2.4 

6.8 

SELENIUM  (Se) 

(ppm) 

- 

- 

- 

- 

- 

ZINC  (Zn) 

(ppm) 

3.98 

2.30 

1.50 

3.38 

4.70 

*Insuf f Icient  Sample 
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Wllliston  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-117  (cont'd) 
Location:   2500'  S.  S  115'  W.  of  NE  Corner, 
Logged  by:   L.  Parish 
Date:   July  1981 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(O.O5-0.OO2  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

m 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaClj 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC0j_ 

(me/I) 

Cl- 

(me/1) 

so4_ 

(me/1) 

NOj_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5025°C 

(ramhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

( percent) 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

Sec.  34,  T.  156  N. ,  R.  97  W. 


LABORATORY  DESCRIPTION 


21,251 

21,252 

21,253 

21,254 

117-16 

117-17 

117-18 

117-19 

266.0-279.4 

279.4-288.0 

288.0-315.1 

333.2-349.0 

4.4 
67.8 
27.8 


101.7 
1.62 
0.38 
0.36 

15.88 
0.05 
0.09 
6.45 
0.15 
8.22 
0.11 

26.00 
1.36 
0.06 

0.53 

1.59 

33.85 

25.11 


16.1 
62.2 
21.7 


94.3 
1.50 
0.27 
0.27 

15.35 
0.05 
0.30 
7.36 
0.17 
6.25 
0.09 

29.00 
1.32 
0.05 

0.51 

1.07 

41.87 

19.78 


1.3 

5.8 

62.7 

62.0 

36.0 

32.2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4 

96 

132 

156 

93.7 

r.95 

0.27 
0.27 

20.37 
0.05 
0.55 

10.74 
0.19 
7.29 
0.03 

39.00 
1.75 
0.05 

0.64 

1.28 

31.24 

29.67 


67.5 
2.50 
0.38 
0.18 

27.02 
0.05 
0.80 

13.25 
0.42 

11.76 
0.01 

51.00 
1.82 
0.04 

0.69 
0.99 
52.30 
16.63 


NaOAc(?pH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (  Se) 
ZINC  (Zr.) 
♦Insufficient  Sample 


(ppm) 

- 

- 

- 

- 

(ppm) 

1.88 

1.79 

1.31 

1.81 

(ppm) 

0.10 

0.06 

0.12 

0.08 

(ppm) 

7.8 

5.0 

7.8 

3.4 

(ppm) 

78.4 

87.0 

158.0 

125.8 

(ppm) 

0.07 

0.07 

0.06 

0.08 

(ppm) 

12.8 

8.8 

19.0 

27.8 

(ppm) 

0.71 

0.66 

0.87 

1.78 

(ppm) 

6.6 

4.0 

6.6 

3.8 

(ppm) 

4.4 

2.4 

3.6 

3.8 

(ppm) 

- 

- 

- 

- 

(ppm) 

4.70 

4.00 

5.58 

5.00 

Table  16 
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Williston  Study  Area   North  Dakota 
Geologic  Drill  Hole:   81-121 
Location:   76'  E.  &  25'  N.  of  SW  Corner, 
Logged  by.   C.  Botdorf 
Date:   August  1981 


DETERMINATION 
LABORATORY  NUMBER 


Sec.  22,  T.  155  N. 


LABORATORY  DESCRIPTION 

Data 


SACK  NUMBER 

DEPTH  (  FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  ( LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl, 


( percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  ram) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

( percent) 

(ln/hr) 


9.7 
12.8 
12.5 
23.1 

7.7 
65.8 
22.1 
12.1 


12.0 
14.6 
14.3 
26.1 

9.6 
76.6 
14.5 

8.9 


7.6 
12.5 
12.4 
24.7 
10.9 
68.1 
18.9 
13.0 


7.9 
8.1 


8.1 
9.1 


6.4 
11.3 
11.8 
25.8 
12.0 
67.3 
19.5 
13.2 


8.3 

9.0 


11.6 
20.0 
17.3 
21.3 

7.0 
77.2 
15.6 

7.2 


8.2 
8.9 


21,552 

21,553 

21,554 

21,555 

21,556 

21,557 

G-l 

G-2 

G-3 

G-4 

G-5 

121-1 

0.0-1.2 

1.2-2.5 

2.5-5.0 

5.0-7.5 

7.5-10.0 

10.0-12.5 

1.5 
65.0 
33.5 


0.10 

0.08 

0.20 

0.26 

0.33 

Trace 

0.08 

0.16 

0.18 

0.28 

0.30 

0.02 

(ml) 

17.0 

16.0 

18.0 

18.0 

16.0 

43.0 

(*) 

8.1 

8.9 


GYPSUM  REQUIREMENT 

(me/lOOg) 

0.3 

-1.8 

2.9 

0.6 

0.6 

-1.0 

SATURATION  EXTRACT 

19.1 

13.9 

17.1 

19.2 

13.4 

Saturation  Percentage 

61.0 

ECe@25°C 

( mmhos/cm) 

2.7 

1.91 

0.97 

0.99 

1.26 

0.95 

Ca++  +  Mg-H- 

(me/1) 

30.6 

20.8 

8.8 

8.0 

10.1 

2.4 

Mg++ 

(me/1) 

- 

- 

- 

- 

- 

- 

Na++ 

(me/1) 

1.3 

1.0 

0.7 

1.7 

2.6 

6.2 

K+ 

(me/1) 

0.7 

0.5 

0.4 

0.3 

0.3 

0.2 

co3_ 

(me/1) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HCOj_ 

(me/1) 

7.2 

4.8 

4.6 

4.4 

6.1 

2.6 

Cl- 

(me/1) 

1.2 

1.1 

0.9 

0.6 

2.3 

0.6 

so4_ 

(me/1) 

20.0 

16.0 

2.9 

3.0 

3.4 

5.2 

N03_ 

(me/1) 

5.7 

1.7 

1.4 

1.9 

1.0 

0.5 

SAR 

(me/1) 

0.3 

0.3 

0.3 

0.8 

1.2 

5.7 

Na 

(me/lOOg) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

0.4 

Ca+Mg 

(me/lOOg) 

0.6 

0.3 

0.2 

0.2 

0.1 

0.1 

1:5  EXTRACT 

EC5?25°C 

( mmhos/cm) 

0.41 

0.25 

0.17 

0.19 

0.23 

0.31 

Ca+Mg 

(me/1) 

3.2 

1.7 

1.4 

1.3 

1.3 

1.0 

EXCHANGEABLE  SODIUM 

( percent) 

0.09 

0.00 

0.00 

0.57 

2.08 

7.39 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

12.83 

6.63 

8.26 

9.02 

6.30 

16.73 

Na0Ar@pH  8.2 

SILVER  (  Ag) 

(ppm) 

- 

- 

- 

- 

- 

<0.1 

BORON  (  B) 

(  ppm) 

- 

- 

- 

- 

- 

2.2 

CADMIUM  (  Cd) 

(ppm) 

- 

- 

- 

- 

- 

<0.1 

COPPER  (Cu) 

(ppm) 

- 

- 

- 

- 

- 

4.5 

IRON  (  Fe) 

(  ppm) 

- 

- 

- 

- 

- 

4.9 

MERCURY  (Hg) 

(ppm) 

- 

- 

- 

- 

- 

0.10 

MANGANESE  ( Mn) 

(ppm) 

- 

- 

- 

- 

- 

9.5 

MOLYBDENUM  (  Mo) 

(  ppm) 

NICKEL  (  Ni) 

(ppm) 

- 

- 

- 

- 

- 

1.5 

LEAD  (  Pb) 

(  ppm) 

- 

- 

- 

- 

- 

4.2 

SELENIUM  (  Se) 

(ppm) 

- 

- 

- 

- 

- 

<0.1 

ZINC  (  Zn) 

(  ppm) 

- 

- 

- 

- 

- 

3.7 

*Insuf f lclent  Sample 
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Willlston  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   81-121  (cont'd) 
Location.-   76'  E.  &  25'  N.  of  SW  Corner,  Sec 
Logged  by:   C.  Botdorf 
Date:   August  1981 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 

SILT  ( 

CLAY 
GRAVEL 

TEXTURAL  CLASS  (  LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe325°C 

Ca++  +  Mg-H- 

Mg++ 

Na++ 

K+ 

co3_ 

HCO, 


22,  T.  155  N.,  R.  96  W. 


( percent) 

(2.0-1.0  mm) 

(  1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

O.O5-O.0O2  mm) 

(  0.002  mm) 

( percent) 

(ln/hr) 


(ml) 
(*) 


SAR 
Na 

Ca+Mg 
U  5  EXTRACT 
EC5@25'C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 
NaOAclpH  8.2 


(me/lOOg^ 


( mmhos/cm) 
(me/1) 
(me/1) 
(me/l) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(mt/lOOg) 
(rae/lOOg) 

( mmhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


21,558 
121-2 


0.6 
63.2 
36.2 


0.00 
Trace 
56.0 


7.9 
9.0 


68.9 
1.37 
2.8 

9.8 
0.3 
0.0 
3.0 
0.3 
9.8 
0.2 
8.3 
0.7 
0.2 

0.42 
0.9 
9.44 
17.00 


21,559 

121-3 


LABORATORY  DESCRIPTION 


21,561 


121-5 


5.7 
69.7 
24.6 


0.00 
0.00 
124.0 


8.3 
9.4 


63  3 
1.25 
0.7 

10.6 
0.2 
0.0 
4.5 
0.3 
6.8 
0.2 

17.9 
0.7 

<0.1 

0.45 
0.4 
10.55 
16.63 


2.5 
37.3 
60.2 


0.00 
0.00 
199.0 


7.6 
9.0 


104.3 
3.65 
2.6 

35.3 
0.5 
0.0 
13.2 
0.4 
24.5 
<0.1 
31.0 
3.7 
0.3 

1.35 
0.5 
21.56 
24.67 


7.0 
61.0 
32.0 


0.00 
0.00 
300.0 


8.3 
9.3 


112.1 
2.40 
0.7 

23.1 
0.3 
0.0 
9.6 
0.1 

13.2 
0.1 

39.0 
2.6 
0.1 

1.00 
0.3 
39.21 
18.69 


16.1 
62.2 

21.7 


0.00 
0.00 
272.0 


8.5 

9.6 


103.6 
1.68 
0.6 

16.7 
0.2 
0.2 
9.1 
0.2 
6.9 
0.2 

30.5 
1.7 
0.1 

0.71 

0.4 

31.28 

16.30 


0.6 
43.8 
55.6 


0.00 
0.00 
252.0 


8.4 

9.4 


71.1 
2.05 
0.8 

23.5 

0.3 
0.0 

16.9 
0.4 
6.0 
0.1 

37.2 
1.7 
0.6 

0.60 

0.4 

24.92 

19.89 


SILVER  (Ag) 
BORON  (  B) 
CADMIUM  (  Cd) 
COPPER  (Cu) 
IRON  (  Fe) 
MERCURY  (Hg) 
MANGANESE  ( Mn) 
MOLYBDENUM  (Mo) 
NICKEL  ( Nl) 
LEAD  (  Pb) 
SELENIUM  ( Se) 
ZINC  (Zn) 
♦Insufficient  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(  ppm) 
(ppm) 
(ppm) 
(  ppm) 


<0.1 
2.4 

<0.1 
2.3 
3.3 
0.10 

29.7 

0.4 

1.7 

<0.1 

1.6 


<0.1 

0.8 
<0.l 
1.0 
2.0 
0.10 
12.7 

0.2 

1.3 

<0.1 

1.3 


<0.1 
2.4 
0.2 
7.9 

11  .2 
0.30 

28.6 
2.4 
5.7 
4.2 

<0.1 
9.8 


<0.1 

<0.1 

1.0 

0.6 

0.1 

0.2 

4.2 

2.3 

8.7 

6.7 

0.25 

0.20 

26.9 

18.9 

1.2 

0.7 

2.3 

1.8 

1.2 

1.6 

<0.l 

<0.1 

6.3 

4.4 

<0.1 
1.3 
0.2 
6.5 

16.5 
0.30 

26.5 
0.6 
1.4 
5.7 

<0.1 
6.7 
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( percent) 

(2.0-1.0  mm) 

( 1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(  percent) 

(ln/hr) 


Willlston  Study  Area  North  Dakota 
Geologic  Drill  Hole:   81-121  (cont'd) 
Location:   76'  E.  &  25'  N.  of  SW  Corner, 
Logged  by:   C.  Botdorf 
Date:   August  1981 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (  LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL   REACTION-pH 

Paste 

1:5   H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe?25"C 

Ca++  +  Mg-H- 

Mg++ 

Na++ 

K+ 

co3_ 

HC03_ 

Cl- 

so4_ 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 


Sec.  22,  T.  155  N. ,  R.  96  W. 


EC5@25°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOAc?pH  8.2 


(me/lOOg) 


( mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

( ramhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


LABORATORY  DESCRIPTION 


21,564 

21,565 

21,566 

21,567 

121-8 

121-9 

121-10 

121-11 

89.3-93^5 

93.5-113.0 

113.0-125.0 

140.0-162.0 

31.3 
58.9 
9.8 


8.3 
9.3 


18.1 
3.65 
3.2 

33.9 
0.5 
0.0 
7.3 
1.9 

25.5 
1.0 

26.8 
0.6 
0.1 

0.50 
0.6 
33.47 
4.13 


1.1 
60.9 
38.0 


25.7 
2.69 
0.4 

28.7 
0.4 
1.8 

16.9 
0.9 
7.9 
0.1 

64.2 
0.7 

<0.1 

0.70 

1.0 

33.85 

10.54 


0.3 
46.9 
52.8 


8.7 
9.6 


33.2 
3.5 

1.0 

35.6 
0.4 
0.6 

18.1 
0.5 

17.8 
0.6 

50.3 
1.2 

<0.1 

0.75 
0.4 
33.16 
10.86 


0.7 
68.0 
31.3 


0.00 

0.00 

0.00 

0.00 

Trace 

0.00 

0.00 

0.00 

(ml) 

29.0 

186.0 

225.0 

136.0 

(%) 

26.0 
2.98 
0.5 

30.8 
0.3 
2.8 

16.7 
0.3 

11.4 
0.2 

61  .6 
0.8 

<0.l 

0.80 

0.3 

41.75 

10.86 


SILVER  (Ag) 

BORON  (  B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (  Fe) 

MERCURY  (Hg) 

MANGANESE  (  Mn) 

MOLYBDENUM  (  Mo) 

NICKEL  (  Ni) 

LEAD  (  Pb) 

SELENIUM  ( Se) 

ZINC  (  Zn) 

*Inauf f lcient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

1.3 

0.4 

0.9 

0.9 

(ppm) 

<0.1 

<0.l 

<0.1 

0.2 

(ppm) 

0.9 

2.0 

3.6 

2.4 

(ppm) 

3.2 

9.1 

11.6 

10.1 

(  ppm) 

0.10 

0.20 

0.30 

0.25 

(ppm) 

6.3 

30.1 

31.2 

19.4 

(ppm) 

0.3 

0.5 

0.7 

<0.1 

(ppm) 

0.4 

0.6 

1.8 

0.9 

(ppm) 

1.0 

2.6 

3.1 

2.0 

(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

1.7 

3.2 

6.4 

4.1 

Wllllston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-123 

Location:   2750'  S.  S  115'  E.  of  NW  Corner,  Sec.  9,  T.  154  N. ,  R.  97  W. 

Logged  by:   L.  Parish 

Date:   July  1981 


DETERMINATION 

LABORATORY    NUMBER 


Table  17 
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SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Ftne  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(%) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 

(mmhos/cm) 

Ca-H- 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC0j_ 

(me/1) 

Cl- 

(me/1) 

so4_ 

(me/1) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5@25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

( percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

38.3 
39.5 
22.2 


0.08 
0.06 
27 


48.3 
1.03 
6.75 
3.53 
1.63 
0.13 
0.00 
8.87 
0.39 
3.02 
0.00 
0.72 
0.08 
0.50 

0.20 

1.52 

1.31 

24.24 


LADORATORY  DESCRIPTION 

Da  t  a 

21,255 

21,256 

21,257           21,258 

21,2  59 

123-1 

123-2 

123-3           123-4 

123-5 

0.0-0.5 

0.5-3.2 

3.2-12.0        14.3-26 

8 

26.8-41.0 

30.4 
37.3 
32.3 


Tr. 
Tr. 
26 


52.2 
0.87 
0.71 
2.89 
5.88 
0.04 
0.00 
4.44 
1.47 
1.79 
0.38 
4.40 
0.31 
0.19 

0.23 
0.93 
6.36 
19.24 


32.2 

37.9 
29.9 


Tr. 
Tr. 
26 


52.8 

6.50 

24.32 

49.75 

29.13 

0.09 

0.00 

2.12 

4.86 

87.45 

3.55 

4.80 

1.54 

3.91 

1.31 
9.98 
8.00 
19.35 


2.1 
53.6 
44.3 


70.7 

6.80 

25.41 

54.73 

26.02 

0.15 

0.00 

1.96 

0.48 

88.49 

13.36 

4.10 

1.84 

5.67 

2.40 
23.97 

5.20 
21.63 


14.8 
53.2 

32.0 


0.04 

Tr. 

0.06 

Tr. 

5 

35 

58.5 

6.30 

18.50 

22.80 

46.49 

0.12 

0.00 

1.48 

0.23 

86.40 

0.66 

10.00 

2.72 

2.42 

1.35 
6.63 
11.45 
14.78 


NaOAc?pH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe 
MERCURY  (Hg) 
MANGANESE  ( Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
♦Insufficient  Sample 


(ppm) 

- 

- 

- 

- 

- 

(ppm) 

1.83 

1.88 

1.40 

3.44 

1.31 

(ppm) 

0.14 

0.02 

0.08 

0.08 

0.06 

(ppm) 

2.4 

4.2 

3.2 

5.4 

6.4 

(ppm) 

40.0 

34.6 

42.6 

81.8 

39.8 

(ppm) 

0.04 

0.03 

0.04 

0.05 

0.04 

(ppm) 

40.8 

19.4 

14.6 

11.2 

4.4 

(ppm) 

0.09 

0.00 

0.42 

0.38 

0.20 

(ppm) 

2.0 

0.8 

0.6 

0.6 

0.4 

(ppm) 

1.4 

1.0 

1.0 

2.4 

2.6 

(ppm) 

- 

- 

- 

- 

- 

(ppm) 

2.36 

1.40 

1.48 

2.08 

3.02 
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Willlston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-123  (cont'd) 

Location:   2750'  S.  &  115'  E.  of  NW  Corner,  Sec.  9,  T.  154  N. 

Logged  by:   L.  Parish 

Date:   July  1981 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 
DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 
Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
CRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 
6th  Hr. 
24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 
1/3  bar 
15  bar 
SOIL  REACTION-pH 
Paste 
1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
ECe925°C 
Ca++ 
Mg++ 
Na++ 
K+ 
C0j_ 
HC03_ 
Cl- 
S04_ 
N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5I?25''C 
Ca+Mg 
EXCHANGEABLE  SODIUM 
CAT ION  EXCHANGE  CAPACITY 
NaOAcPpH  8.2 


(percent) 


(2.0-1.0 

(1.0-0.5 

(0.5-0.25 

(0.25-0.10 

(0.10-0.05 

(2.0-0.05  mm) 

0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


(me/lOOg) 


(mmhos/cm) 


(me/ 
(me/ 
(" 
(n 

(me/ 
(•> 

(me/ 
(me/ 
(me/ 
(me/ 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


;n 
/i) 
/i) 
/i) 
/D 
/i) 
/D 
/i) 
/i) 
/D 


2.0 
62.7 
35.3 


65.2 
4.20 
3.35 
4.52 

42.66 
0.12 
0.06 
5.65 
0.17 

39.98 
0.22 

22.00 
2.78 
0.51 

0.81 

0.51 

25.48 

19.02 


LABORATORY  DESCRIPTION 

Data 

21,260 

21,261 

21,262 

21,263 

21,264 

123-6 

123-7 

123-8 

123-9 

123-10 

41.0-56.7 

56.7-70 

0 

70.0-97.8 

105.5-130.6 

135.4-168.0 

20.4 
60.6 
19.0 


74.4 
2.00 
0.60 
0.72 

21.28 
0.05 
0.00 
5.68 
0.14 

14.60 
0.14 

26.00 
1.58 
0.10 

0.54 

1.04 

36.77 

18.59 


2.0 
54.3 
43.7 


103.0 
2.00 
0.44 
0.63 

22.14 
0.05 
0.68 

11.65 
0.19 
8.56 
0.05 

30.00 
2.29 
0.11 

0.66 

0.85 

43.06 

22.17 


0.2 
0.1 
0.4 
39.4 
14.1 
54.2 
29.9 
15.9 


86.9 
2.00 
0.16 
0.18 

21.71 
0.04 
0.31 
6.14 
0.27 

13.26 
0.09 

52.00 
1.41 
0.02 

0.40 

0.62 

69.13 

15.65 


1.0 
65.2 
33.8 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

40 

72 

118 

168 

225 

(%) 

123.0 
1.80 
0.22 
0.09 

20.33 
0.04 
0.71 

10.92 
0.22 
6.87 
0.01 

52.00 
2.36 
0.04 

0.83 

1.18 

70.86 

23.59 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f iclent    Sample 


(ppm) 

- 

- 

- 

- 

- 

(ppm) 

1.72 

0.79 

1.18 

0.79 

1.25 

(ppm) 

0.08 

0.04 

0.08 

0.08 

0.12 

(ppm) 

9.4 

2.8 

10.0 

7.0 

16.0 

(ppm) 

54.2 

35.0 

183.0 

58.8 

102.0 

(ppm) 

0.07 

0.06 

0.07 

0.05 

0.10 

(ppm) 

20.4 

4.0 

30.8 

2.8 

14.0 

(ppm) 

0.36 

0.44 

0.46 

0.78 

0.37 

(ppm) 

2.8 

2.2 

4.4 

2.4 

6.6 

(ppm) 

5.6 

1.4 

4.0 

3.8 

7.0 

(ppm) 

- 

- 

- 

- 

- 

(ppm) 

3.04 

1.94 

6.28 

6.40 

7.78 

Wllllston  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   81-123  (cont'd) 

Location:   2750'  S.  &  115'  E.  of  NW  Corner,  Sec.  9,  T.  154  N.,  R.  97  W. 

Logged  by:   L.  Parish 

Date:   July  1981 


DETERMINATION 

LABORATORY  NUMBER 


Table  17 
Sheet  3 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(Z) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 
ECe@25°C 

Ca++ 

Mg-W- 

Na++ 

K+ 

CO, 


u3- 
HCO 


3- 


Ca+Mg 
1:5  EXTRACT 

EC5?25°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOAc?pH  8.2 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 

(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


0.1 
0.1 
0.1 
9.4 
35.1 
44.8 
37.0 
18.2 


0.00 
0.00 
255 


144.0 
1.18 
0.11 
0.18 

13.10 
0.03 
0.12 
5.84 
0.22 
6.02 
0.11 

34.00 
1.47 
0.03 

0.73 

2.11 

79.56 

25.76 


LABORATORY  DESCRIPTION 


n  u.i 

21,265 

i  ,  >m, 

21,267 

21,268 

123-11 

123-12 

123-13 

123-14 

168.0-187.8 

196.2-215.6 

217.1-243.3 

253.7-261.0 

9.4 
61.4 
29.2 


0.00 
0.00 
194 


119.0 
1.90 
0.27 
0.27 

21.62 
0.04 
1.18 

10.63 
0.23 
7.95 
0.01 

41.00 
2.51 
0.06 

0.80 

1.60 

61.84 

28.70 


0.6 
57.0 
42.4 


0.00 
0.00 
410 


177.0 
1.31 
O.U 
0.09 

14.83 
0.03 
0.66 
9.19 
0.23 
3.54 
0.01 

47.00 
2.52 
0.03 

0.81 

3.24 

50.03 

35.54 


0.1 
0.1 
0.1 
22.0 
36.4 
58.7 
25.3 
16.0 


0.00 
0.00 
275 


102.0 
0.95 
0.05 
0.18 

10.42 
0.03 
0.22 
6.59 
0.22 
2.77 
0.06 

30.00 
1.06 
0.02 

0.42 

1.58 

73.69 

20.86 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f Iclent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


0.39 
0.06 
3.8 
43.0 
0.03 
2.2 
0.37 
3.4 
2.6 


0.32 

0.08 
9.8 
124.4 
0.05 
15.2 
0.45 
4.4 
5.2 


0.79 
0.10 
9.8 
171.8 
0.06 
22.6 
0.87 
6.6 
4.2 


0.93 
0.06 
2.4 
45.4 
0.04 
2.4 
0.18 
0.8 
4.4 
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Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-124 

Location:   2640'  N.  4  10'W  of  SE  Corner,  Sec.  17,  T.  153  N. 

Logged  by:   C.  Botdorf 

Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 


Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

IEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/i  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H^O 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

EC  S25°C 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


(ml) 
(%) 


(me/lOOg) 


(mmhos/cm) 


(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(" 

(me/ 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


/I) 
/U 
/I) 
/I) 
/I) 
/I) 
/I) 
/U 
/I) 
/I) 


29.6 

36.4 
34.0 


0.59 
0.65 
21.0 

28.2 
19.8 


8.3 
7.6 

-4.6 

50.2 
0.886 
1. 00 
3.61 
6.3 
0.20 
0.00 
3.47 
1.02 
6.62 
0.001 
4.2 
0.32 
0.23 

.216 
1.01 
3.0 
25.0 


LABORATORY  DESCRIPTION 

Data 


32.4 
36.6 
31.0 

1.4 

CL 

0.06 
0.06 
22.0 

29.4 
13.7 


8.4 

7.7 

-3.8 

61.6 
2.765 
2.00 

11.88 

22.0 
0.30 
0.00 
2.47 
0.85 

32.86 
0.274 
8.3 
1.36 
0.86 

.481 
1.57 
6.6 
25.0 


33.8 
35.2 

31.0 
2.1 
CL 

0.37 
0.39 
22.0 

27.1 
15.9 


7.9 

7.4 
-9.4 

53.8 
7.937 

21.00 
63.93 

47.0 
0.80 
0.00 
1.54 
3.62 
127.57 
0.903 
7.2 
2.53 
4.6 

1.491 
12.3 

4.7 
26.6 


39.6 

32.4 
28.0 

3.4 

CL 

0.62 
0.59 
21.0 

26.4 
14.8 


7.7 
7.2 

-7.4 

53.8 
6.822 

27.00 

39.34 

34.0 
1.10 
0.00 
1.59 
3.08 

96.77 
0.015 
5.9 
1.83 
3.6 

1.614 
14.2 

3.9 
28.0 


3.8 
50.2 
46.0 


0.12 

0.11 
28.5 

48.0 
24.6 


4.9 

4.5 

-6.0 

80.9 
8.084 

27.50 

45.40 

59.0 
2.00 
0.00 
0.84 
0.45 
133.31 
0.624 
9.7 
4.77 
5.9 

1.324 
6.40 
1.8 
34.6 


8.2 
57.8 
34.0 


0.00 
0.00 
31.0 

52.8 
36.3 


9.0 

8.1 

+2.6 

110.4 
1.698 
0.65 
0.80 

23.6 
0.58 
0.00 
6.18 
0.34 

19.11 
0.010 

27.7 
2.61 
0.16 

.637 
0.28 
20.7 
26.0 


NaOAcSpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Iq8ul t iclent  Sample 


(ppm) 

- 

- 

- 

- 

- 

- 

(ppm) 

0.49 

1.54 

1.28 

1.87 

5.18 

1.28 

(ppm) 

0.06 

0.04 

0.12 

0.16 

0.12 

0.14 

(ppm) 

2.4 

2.2 

2.2 

2.4 

14.0 

9.4 

(ppm) 

100.0 

119.2 

125.8 

131.4 

396.0 

70.2 

(ppm) 

0.02 

0.02 

0.08 

0.04 

0.09 

0.06 

(ppm) 

24.8 

43.6 

52.6 

54.8 

13.2 

5.8 

(ppm) 

0.1 

0.5 

0.4 

0.5 

0.1 

0.9 

(ppm) 

0.8 

1.4 

1.8 

1.8 

1.0 

6.0 

(ppm) 

1.20 

1.40 

1.60 

1.40 

2.80 

5.60 

(ppm) 

<0.1 

0.1 

0.3 

0.1 

<0.1 

0.1 

(ppm) 

2.3 

2.4 

1.6 

2.2 

6.2 

9.2 

Table  18 
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Tobacco  Gardens  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-124  (cont'd) 
Location:   2640"  N.  &  10'W  of  SE  Comer,  Sec. 
Logged  by:   C.  Botdorf 
Date:   October  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 


17,  T.  153  N.,  R.  97  W. 


LABORATORY  DESCRIPTION 


73 

74 

75 

76 

77 

124-7 

124-8 

124-9 

124-10 

124-11 

94.0-114.5 

114.5-135.9 

148.7-159.1 

167.5-171.7 

171.7-196.0 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTUKAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pB 

Paste 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


8.2 
58.2 
33.6 


48.2 
29.4 
22.4 


8.2 
47.4 
44.4 


1.0 
36.4 
62.6 


37.0 
41.4 
21.6 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

69.0 

80.0 

62.0 

41.0 

95.0 

(*) 

74.0 

73.1 

81.7 

91.9 

73.4 

37.4 

36.0 

34.3 

43.2 

30.3 

1:5  H20 

9.4 

9.6 

9.3 

9.1 

9.5 

1:2  0.01  _M_  CaCl2 

8.5 

8.9 

8.6 

8.5 

8.6 

GYPSUM  REQUIREMENT 

(me/lUOg) 

+11.2 

+7.0 

+8.4 

+13.0 

+7.2 

SATURATION  EXTRACT 

Saturation  Percentage 

142.5 

150.1 

165.1 

166.9 

139.6 

EC  @25°C 

e 

(mmhos/cm) 

1.457 

1.350 

'1.313 

1.402 

1.203 

Ca++ 

(me/1) 

0.10 

0.07 

0.08 

0.55 

0.20 

Mg++ 

(me/1) 

0.11 

0.12 

0.08 

0.29 

0.41 

Na++ 

(me/1) 

18.5 

17.5 

17.2 

18.3 

17.0 

K+ 

(me/1) 

0.23 

0.15 

0.21 

0.30 

0.20 

co3_ 

(me/1) 

0.34 

2.23 

1.50 

0.60 

0.86 

HC03_ 

(me/1) 

10.08 

7.53 

8.41 

12.78 

9.65 

Cl- 

(me/1) 

0.34 

0.34 

0.56 

0.85 

0.40 

so4. 

(me/1) 

8.18 

7.74 

7.10 

5.21 

6.90 

N03_ 

(me/1) 

0.000 

0.000 

0.000 

0.000 

0.001 

SAK 

(me/1) 

57.1 

56.8 

60.8 

28.2 

30.8 

Na 

(me/lOOg) 

2.64 

2.63 

2.84 

3.05 

2.37 

Ca+Mg 

(me/lOOg) 

0.03 

0.030 

0.03 

0.14 

0.09 

1:5  EXTRACT 

EC5S25°C 

(mmhos/cm) 

.723 

.707 

.629 

.720 

.496 

Ca+Mg 

(me/1) 

0.18 

0.39 

0.29 

1.43 

0.25 

EXCHANGEABLE  SODIUM 

(percent) 

46.4 

47.4 

53.8 

8.2 

47.4 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

26.2 

24.4 

28.2 

37.2 

22.0 

NaOAcSpH  8.2 

SILVER  (Ag) 

(ppm) 

- 

- 

- 

- 

- 

BORON  (B) 

(ppm) 

0.66 

0.46 

1.80 

0.69 

0.29 

CADMIUM  (Cd) 

(ppm) 

0.16 

0.10 

-.20 

0.08 

0.08 

COPPER  (Cu) 

(ppm) 

5.0 

1.6 

8.4 

10.0 

3.80 

IRON  (Fe) 

(ppm) 

147.0 

53.0 

58.2 

108.0 

69.4 

MERCURY  (Hg) 

(ppm) 

0.04 

0.03 

0.05 

0.13 

0.03 

MANGANESE  (Mn) 

(ppm) 

19.4 

2.6 

2.6 

3.6 

3.6 

MOLYBDENUM  (Mo) 

(ppm) 

0.6 

0.2 

0.4 

0.2 

0.2 

NICKEL  (Nl) 

(ppm) 

6.0 

2.2 

4.0 

0.6 

1.0 

LEAD  (Pb) 

(ppm) 

4.20 

3.80 

9.40 

14.00 

4.60 

SELENIUM  (Se) 

(ppm) 

<0.1 

<0.1 

0.3 

0.6 

0.1 

ZINC  (Zn) 

(ppm) 

26.6 

9.4 

17.0 

5.6 

5.8 

*Insuf flcient  Sample 
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Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-125 

Location:   1795'  N.  &  1670'  W.  of  SE  Corner, 

Logged  by:   C.  Botdorf 

Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 


Sec.  5,  T.  152  N. 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE 

ANALYSIS 

(percent) 

Very  Coarse 

Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(In/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(X) 

1/3  bar 

15  bar 

SOIL  REACTION- 

:ph 

Paste 

1:5  H20 

1:2  0.01  _M 

CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTKACT 

Saturation  ] 

Percentage 

ECeG25°C 

(mmhos/cm) 

Ca++ 

(me/1) 

Mg++ 

(me/1) 

Na++ 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/.l) 

HC0j_ 

(me/1) 

ci- 

(me/1) 

so^ 

(me/I) 

N03_ 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5(S25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE 

SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

2.0 
2.2 
5.6 
12.5 
12.2 
34.5 
45.8 
19.7 


1.50 

1.61 
25.0 

28.  j 
12.3 

7.6 
8.9 


55.3 
0.90 
5.1 
2.2 

0.7 
0.6 
0.0 
4.9 
0.4 
1.5 
0.8 
0.4 
<0.01 
0.4 

0.24 
1.8 
0.7 
23.1 


LABORATORY  DESCRIPTION 


4,406 

4,407 

4,408 

4,409 

4,410 

4,411 

125-1 

125-2 

125-3 

125-4 

125-5 

125-6 

0-2.0 

2.0-4.3 

4.3-10.0 

10.0-14.3 

17.0-32.4 

32.4-38.0 

1.8 
2.1 
5.1 
11.8 
11.3 
32.1 
38.3 
29.6 


0, 

,06 

0 

,08 

25 

,0 

26 

.5 

U 

.5 

8 

,2 

9 

.3 

0.8 
1.6 
5.3 
12.5 
12.4 
32.6 
40.0 
27.4 


0.22 
0.20 
23.0 

23.7 
11.8 

8.2 
8.7 


55.9 

55.9 

1.00 

10.0 

1.1 

22.4 

5.4 

107.0 

2.5 

21.4 

0.3 

0.9 

0.0 

0.0 

3.5 

1.8 

0.8 

4.9 

5.0 

144.0 

<0.1 

0.5 

1.4 

2.7 

0.1 

1.2 

0.2 

7.2 

0.25 

1.8 

1.2 

23.1 

2.8 

3.9 

18.0 

18.7 

0.9 
1.4 
4.4 
11.5 
14.4 
32.6 
41.6 
25.8 


0.04 
0.02 
24.0 

26.1 
12.5 

7.8 
8.5 


56.6 

7.1 

25.2 

62.0 

12.3 

0.9 

0.0 

1.3 

3.5 

91.0 

4.7 

1.9 

0.7 

4.9 

1.92 
35.9 

1.9 
19.2 


0.2 
0.3 
0.2 
0.5 
12.0 
13.2 
71.3 
15.5 


0.08 
0.06 
23.0 

29.7 
8.3 


63.0 

4.1 

17.5 

32.1 

3.0 

0.6 

0.0 

1.6 

0.5 

51.0 

2.5 

0.6 

0.2 

3.1 

1.04 
5.2 
1.1 
14.8 


0.0 
0.0 
0.0 
0.1 
2.5 
2.6 
59.5 
37.9 


0.08 
0.06 
36.0 

35.2 
16.5 

8.1 
9.0 


80.4 
1.02 
5.1 
4.1 
2.3 
0.6 
0.0 
1.9 
0.1 
9.8 

<0.1 
1.1 
0.2 
0.7 

0.32 

1.7 

0.6 

24.2 


NaOActfpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAP  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf flcient  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


<0.1 
8.88 
0.57 
3.0 

38.5 
0.05 

31.7 
0.6 
1.1 
2.2 

<0.05 
1.2 


<0.1 
4.32 

<0.1 
2.4 

32.2 
0.10 

16.6 
0.1 
0.47 
1.5 

<0.05 
0.7 


<0.1 
0.78 
0.65 
2.4 

16.4 
0.10 

14.9 
0.2 
0.25 
3.1 

<0.05 
1.9 
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( percent) 

(  2.0-1.0  mm) 

(  1.0-0.5  mm) 

CO. 5-0. 25  mm) 

C 0.25-0. 10  mm) 

(0.10-0.05  mm) 

(  2.0-0.05  mm) 

0.O5-O.OO2  mm) 

(  0.002  mm) 

(  percent) 

( ln/hr) 


Tobacco  Gardens  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-125  (cont'd) 
Location:   1795'  N.  &  1670'  W.  of  SE  Corner, 
Logged  by:   C.  Botdorf 
Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (  FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 

SILT  I 

CLAY 
GRAVEL 

TEXTURAL  CLASS  (  LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25*C 
Ca-H- 
Mg++ 
Na++ 
K+ 
C0j_ 
HC03_ 
Cl- 

so4_ 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 


Sec.  5,  T.  152  N.,  R.  98  W. 


EC5925"C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

Na0Act?pH  8.2 


(me/lOOg) 


(  mmhos/cra) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/l) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

( mmhos/cm) 

(me/1) 

( percent) 

(me/lOOg) 


0.1 
0.1 
0.1 
0.3 
9.6 
10.2 
65.1 
24.7 


69.4 

2.18 

11.2 

13.8 

6.0 

0.8 

0.0 

2.1 

1.2 

29.5 

<0.l 

1.7 

0.4 

1.7 

0.50 
3.8 
2.2 
19.7 


LABORATORY  DESCRIPTION 


4,412 

4,413 

4,414 

4,415 

4,416 

4,417 

125-7 

125-8 

125-9 

125-10 

125-11 

125-12 

38.0-50.0 

50.0-68.8 

72.6-85.0 

85.0-102.0 

102.0-118.7 

118.7-128.0 

0.2 
0.1 
0.2 
0.3 
2.9 
3.7 
64.2 
32.1 


74.4 

4.0 

15.1 

26.7 

19.7 

1.5 

0.0 

5.5 

0.5 

60.0 

<0.1 

4.3 

1.5 

3.1 

1.10 
4.8 
4.1 
23.5 


0.4 
0.3 
0.2 
0.3 
2.5 
3.7 
65.3 
31.0 


87.7 
1.95 
1.5 
1.0 

10.9 
0.5 

Trace 
4.1 
0.1 

10.6 

<0.1 
9.3 
1.0 
0.2 

0.58 
0.5 
20.0 
25.1 


0.0 
0.2 
0.2 
0.2 
23.2 
23.8 
62.8 
13.4 


65.2 

2.4 

1.5 

1.0 

20.3 

0.6 

0.0 

5.8 

0.4 

16.8 

<0.1 

18.2 

1.3 

0.2 

0.52 
0.1 
21.7 
19.5 


0.3 
0.2 
0.2 
2.7 
42.5 
45.9 
36.4 
17.7 


48.7 

1.86 

1.0 

1.0 
18.7 

0.5 

Trace 

5.0 

0.6 
15.0 
<0.1 
18.7 

0.9 

0.1 

0.38 
0.1 
19.6 

14.4 


0.1 
0.1 
0.1 
0.2 
2.3 
2.8 
70.6 
26.6 


0.02 

0.00 

0.00 

0.00 

0.02 

0.00 

0.02 

0.02 

0.00 

0.00 

0.00 

0.00 

(ml) 

26.0 

32.0 

43.0 

32.0 

23.0 

31.0 

(2) 

31.1 

41.5 

48.3 

38.0 

24.5 

42.4 

11.19 

16.5 

23.1 

11.0 

7.5 

15.8 

7.6 

7.2 

8.4 

8.3 

8.7 

8.5 

9.0 

8.6 

9.8 

10.0 

9.9 

9.6 

72.1 

2.05 

1.6 

1.4 

15.1 

0.5 

0.1 

5.4 

0.6 

12.4 

<0.l 

12.3 

1.1 

0.2 

0.46 
1.0 
13.9 
20.6 


SILVER  ( Ag) 

BORON  (  B) 

CADMIUM  (  Cd) 

COPPER  (  Cu) 

IRON  (  Fe) 

MERCURY  (  Hg) 

MANGANESE  (  Mn) 

MOLYBDENUM  (  Mo) 

NICKEL  (  Ni) 

LEAD  (  Pb) 

SELENIUM  (  Se) 

ZINC  (  Zn) 

*In8uf f iclent  Sample 


(ppm) 

<0.1 

<0.l 

<0.l 

<0.1 

<0.1 

<0.1 

(ppm) 

0.82 

1.76 

1.24 

1.04 

0.78 

1.16 

(ppm) 

0.24 

0.39 

0.26 

0.27 

<0.1 

0.21 

(ppm) 

4.8 

12.9 

11.2 

8.5 

2.5 

7.1 

(ppm) 

27.3 

113.0 

49.8 

62.1 

41.8 

18.5 

(ppm) 

0.05 

0.35 

0.25 

0.20 

0.10 

0.20 

(ppm) 

2.5 

31.6 

12.8 

16.1 

9.5 

12.2 

(ppm) 

0.1 

0.8 

0.8 

0.6 

0.4 

0.5 

(ppm) 

0.39 

5.9 

4.0 

3.9 

1.5 

2.4 

(ppm) 

1.4 

6.6 

7.8 

5.2 

3.0 

8.0 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.054 

<0.05 

(ppm) 

1.5 

6.4 

4.8 

5.1 

6.3 

6.3 
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Tobacco  Gardens  Study  Area,  North  Dakota 
Geologic  Drill  Hole.   82-125  (cont'd) 
Location:   1795'  M.  4  lo70'  W.  of  SE  Corn 
Logged  by.   C.  Botdori 
Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 


Sec.  5,  T.  152  N.,  R.  98  W. 


SACK.  NUMBER 

DEPTH  (FT; 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

(1.0-0.5  mm) 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

Very  Fine  Sand 

(0. 10-0. 05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

w 

1/3  bar 

15  bar 

SOIL  KEACTION-pH 

Paste 

1:5  H-,0 

1:2  0.01  _M_  CaCl2 

GYPSUM  REQUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

Saturation  Percentage 

ECetf25°C 

(mmhos/cm) 

Ca-H- 

(me/1) 

Mg++ 

(me/1) 

Na-H- 

(me/1) 

K+ 

(me/1) 

co3_ 

(me/1) 

HC03_ 

(me/1) 

Cl- 

(me/1) 

so4. 

(me/1) 

N03. 

(me/1) 

SAR 

(me/1) 

Na 

(me/lOOg) 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

EC5«25°C 

(mmhos/cm) 

Ca+Mg 

(me/1) 

EXCHANGEABLE  SODIUM 

(percent) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

0 

10 

0 

08 

51 

0 

14 

7 

11 

7 

7 

8 

9 

0 

66.7 
1.27 
3.1 
2.9 
8.0 
0.8 
0.00 
5.3 
0.3 
9.8 

<0.1 
4.6 
0.5 
0.4 

0.28 
1.2 
5.0 
11.5 


LABORATORY  DESCRIPTION 
Data 


4,418 

4,419 

4,420 

4,421 

4,422 

4,423 

125-13 

125-14 

125-15 

125-16 

125-17 

125-18 

128.0-137.2 

137.2-142.0 

146.5-148.5 

148.5-163.0 

163.0-178.0 

178.0-193.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.2 

0.0 

0.4 

0.1 

0.0 

0.0 

0.8 

0.0 

0.7 

0.1 

0.0 

0.1 

0.6 

0.1 

2.2 

0.1 

19.7 

0.1 

0.6 

0.2 

2.0 

2.6 

40.4 

0.2 

0.6 

0.3 

5.4 

2.9 

60.1 

0.4 

2.8 

70.0 

59.7 

73.6 

23.2 

73.1 

72.0 

29.7 

34.9 

23.5 

16.7 

26.5 

25.2 

.22 

.24 
30.0 

44.8 
24.0 

7.0 
7.9 


70.7 

2.75 

14.0 

19.1 

14.5 

0.8 

0.00 

6.6 

0.3 

34.0 

<0.1 

3.6 

1.0 

2.3 

0.76 
1.4 
3.9 
36.7 


0.00 
0.00 
36.0 

41.5 
16.0 

8.3 
9.2 


77.0 

1.38 

1.1 

0.5 

14.0 

0.5 

0.00 

5.1 

0.5 

10.4 

<0.1 

15.7 

1.1 

0.1 

0.44 
0.2 
18.7 
22.3 


0.00 
0.00 
31.0 

35.9 
9.9 

9.0 
10.3 


55.8 

1.85 

0.6 

0.4 

20.5 

0.2 

0.2 

6.8 

0.5 

13.8 

<0.1 

29.0 

1.1 

0.1 

0.52 
0.3 
34.4 
17.9 


0.00 
0.00 
70.0 

51.1 
17.1 


78.4 
2.2 

0.2 

0.3 

21.2 

0.2 

Trace 

12.3 

0.2 

8.5 

<0.1 

42.4 

1.7 

<0.l 

0.78 
0.2 
49.9 
18.7 


0.00 
0.00 
51.0 

46.6 
18.2 

8.5 
9.6 


68.6 
2.7 
0.2 
0.3 

13.5 
0.3 
1.5 

12.6 
0.5 
9.1 

<0.1 

27.0 
0.9 

<0.1 

0.80 
0.1 
54.9 
17.4 


NaOActfpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*lasuf tlcienr  Sample 


(ppm) 

<0.1 

(ppm) 

1.06 

(ppm) 

0.43 

(ppm) 

6.9 

(ppm) 

140.0 

(ppm) 

0.20 

(ppm) 

54.0 

(ppm) 

0.4 

(ppm) 

2.1 

(ppm) 

8.2 

(ppm) 

<0.05 

(ppm) 

4.8 

<0.1 
4.88 
0.54 

12.9 

67.0 
0.50 

16.1 
1.0 

11.6 
5.7 

<0.05 
6.7 


<0.1 
1.02 
0.73 

10.6 

20.0 
0.25 
3.3 
0.2 
0.30 
6.8 

<0.05 
3.8 


<0.1 

<0.l 

<0.1 

0.70 

1.04 

0.90 

0.42 

0.39 

0.47 

2.3 

9.5 

6.7 

30.4 

161.0 

181.0 

0.10 

0.20 

0.25 

5.2 

52.7 

66.2 

0.3 

0.5 

1.1 

1.6 

2.5 

3.3 

3.2 

5.7 

4.0 

<0.05 

<0.05 

<0.05 

3.8 

5.7 

7.2 
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Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-125  (cont'd) 

Location:   1795'  N.  &  1670'  W.  of  SE  Corner,  Sec.  5, 

Logged  by:   C.  Botdorf 

Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH_(_F_T) 

PARTICLE  SIZE  ANALYSIS 


T.  152  N.,  R.  98  W. 


Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01  _M_  CaCL2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 


(percent) 

(2.0-1.0  mm) 

( 1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

0.05-0.002  mm) 

(0.002  mm) 

( percent) 

(ln/hr) 


(ml) 
(*) 


(me/lOOg) 


(  mmhos/cm) 


EC5?25<>C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

Na0Ac?pH  8.2 


(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(  me/ 
(me/ 
(  me/ 
(me/ 
(  me/ 
(me/lOOg) 
(me/lOOg) 


( mmhop/cm) 

(me/1) 

( percent) 

(me/lOOg) 


LABORATORY  DESCRIPTION 
Data 


0.5 
0.9 
0.5 
0.5 
7.1 
9.5 
66.4 
24.1 


0.00 
0.00 
62.0 

57.9 
30.8 

9.0 
10.3 


83.8 
2.5 
0.2 
0.3 

25.1 
0.2 
2.2 

11.4 
0.6 

10.1 

<0.l 

50.2 
2.1 

<0.1 

0.88 
0.00 
58.1 
26.6 


0.0 
0.0 
0.0 
0.3 
7.7 
8.0 
58.3 
33.7 


0.00 
0.00 
205.0 

96.4 
53.9 

9.3 
9.6 


186.0 
1.26 
0.2 
0.1 

12.3 
0.1 
1.6 
7.6 
0.1 
2.8 

<0.1 

31.8 
2.3 

<0.1 

0.90 
0.00 
59.1 
36.2 


0.1 
0.0 
0.0 
0.0 
1.0 

1.1 

54.0 
44.9 


0.00 
0.00 
165.0 

89.2 
37.8 

9.2 
10.3 


137..0 
1.75 
0.2 
0.2 

17.3 
0.2 
2.4 

10.8 
0.2 
3.7 

<.01 

38.7 
2.4 

<0.1 

0.90 
0.1 
60.1 
40.9 


0.0 
0.0 
0.0 
0.1 
7.3 
7.4 
69.0 
23.6 


0.00 
0.00 
158.0 

56.7 
28.0 

9.1 
10.0 


112.2 
1.70 
0.2 
0.1 

16.7 
0.2 
1.4 
9.4 
0.1 
5.7 

<0.1 

43.1 
1.9 

<0.1 

0.80 
0.00 
68.3 
17.6 


0.0 
0.0 
0.0 
1.8 
45.2 
47.0 
35.0 
18.0 


0.00 
0.00 
180.0 

57.6 
29.7 

9.5 

10.6 


125.4 
1.42 
0.1 
0.1 

13.6 
0.1 
2.9 
7.0 
0.2 
4.2 

<0.1 

43.0 
1.7 

<0.1 

0.74 
000 
63.9 
17.7 


■  .'9 

125-M. 

276.0-287.5 

0.0 

0.0 

0.0 

0.1 

0.3 

0.4 
66.2 
33.4 


0.00 
0.00 
155.0 


62.6 
26.4 


9.0 
9.7 


114.6 
1.86 
0.2 
0.3 

18.1 
0.2 
1.6 

10.5 
0.1 
6.0 

<0.1 

36.2 
2.1 

<0.1 

0.88 
0.00 
59.5 
21.6 


SILVER  (  Ag) 

BORON  (  B) 

CADMIUM  ( Cd) 

COPPER  (  Cu) 

IRON  (  Fe) 

MERCURY  (  Hg) 

MANGANESE  (  Mn) 

MOLYBDENUM  (  Mo) 

NICKEL  (  Nl) 

LEAD  (  Pb) 

SELENIUM  (  Se) 

ZINC  (  Zn) 

*Insuf f lcient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.72 

0.64 

0.74 

0.54 

0.44 

0.42 

(ppm) 

<0.1 

0.45 

<0.1 

0.19 

<0.1 

<0.1 

(ppm) 

10.9 

4.3 

8.2 

6.0 

2.1 

«  9.0 

(ppm) 

53.4 

46.1 

36.9 

289.0 

88.4 

326.0 

(ppm) 

0.30 

0.15 

0.15 

0.15 

0.10 

0.20 

(ppm) 

17.4 

8.5 

12.9 

38.4 

7.6 

44.3 

(ppm) 

1.7 

2.0 

1.5 

0.6 

0.4 

1.0 

(ppm) 

4.9 

4.7 

4.6 

3.4 

1.5 

4.9 

(  ppm) 

6.0 

8.7 

9.6 

3.4 

3.7 

4.7 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

7.2 

4.4 

6.3 

6.4 

6.4 

7.4 

Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-125  (cont'd) 

Location:   1795'  N.  &  1670'  W.  of  SE  Corner,  Sec. 

Logged  by:   C.  Botdorf 

Date:   March  1982 


5,  T.  152  N.,  R.  98  W. 


Table  19 
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DETERMINATION 
LABORATORY  NUMBER 
SACK  NUMBER 
DEPTH  ( FT) 


LABORATORY  DESCRIPTION 

Data 


287.5-298.5 


308.9-311.0 


313.0-335.2 


PARTICLE  SIZE  ANALYSIS 

( percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

0.0 

0.0 

0.0 

Coarse  Sand 

( 1.0-0.5  mm) 

0.0 

0.1 

0.1 

Medium  Sand 

(0.5-0.25  mm) 

0.0 

0.2 

0.1 

Fine  Sand 

(0.25-0.10  mm) 

0.0 

26.3 

0.1 

Very  Fine  Sand 

(  0.10-0.05  mm) 

0.4 

31.2 

1.2 

TOTAL  SAND 

(  2.0-0.05  mm) 

0.4 

57.8 

1.5 

SILT 

(0.05-0.002  mm) 

62.4 

23.0 

51.0 

CLAY 

(  0.002  mm) 

37.2 

19.2 

47.5 

GRAVEL 

( percent) 

- 

- 

- 

TEXTURAL  CLASS  (  LAB) 

SiCL 

VFSL 

SIC 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

24th  Hr. 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

305.0 

240.0 

270.0 

MOISTURE  RETENTION 

(Z) 

73.8 

49.0 

1/3  bar 

69.8 

15  bar 

31.2 

20.8 

28.8 

SOIL  REACTION-pH 

Paste 

9.2 

9.1 

8.8 

1:5  H20 

9.8 

10.2 

10.2 

1:2  0.01   M  CaCl2 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

143.2 

110.8 

123.0 

ECe@25'C 

(mmhos/cm) 

1.50 

1.26 

2.1 

Ca++ 

(me/1) 

.2 

0.2 

0.3 

Mg++ 

(me/1) 

.1 

0.1 

0.2 

Na-H- 

(me/1) 

14.9 

11.9 

19.9 

K+ 

(me/1) 

.2 

0.1 

0.2 

co3_ 

(me/1) 

1.6 

0.6 

0.2 

HCOj_ 

(me/1) 

8.0 

5.4 

7.2 

Cl- 

(me/1) 

.2 

0.4 

0.2 

so4. 

(me/1) 

5.2 

5.8 

12.5 

NOj_ 

(me/1) 

<0.1 

<0.1 

<0.1 

SAR 

(me/1) 

38.5 

30.7 

39.8 

Na 

(me/lOOg) 

2.1 

1.3 

2.4 

Ca+Mg 

(me/lOOg) 

<0.1 

<0.1 

<0.1 

1:5  EXTRACT 

EC5(?25'C 

( mmhos/cm) 

.82 

0.54 

0.90 

Ca+Mg 

(me/1) 

.0 

0.0 

0.0 

EXCHANGEABLE  SODIUM 

( percent) 

62.0 

51.8 

60.7 

CATION  EXCHANGE  CAPACITY      (me/lOOg) 

25.0 

19.4 

28.2 

NaOAcBpH  8.2 

SILVER  (  Ag) 

(ppm) 

<0.1 

<0.1 

<0.1 

BORON  (  B) 

(  ppm) 

0.40 

0.46 

0.64 

CADMIUM  (  Cd) 

(ppm) 

0.28 

<0.1 

0.63 

COPPER  (  Cu) 

(  ppm) 

7.2 

4.3 

19.1 

IRON  (  Fe) 

(  ppm) 

182.0 

50.3 

155.0 

MERCURY  (  Hg) 

(  ppm) 

0.20 

0.15 

0.15 

MANGANESE  (  Mn) 

(  ppm) 

27.4 

1.7 

24.8 

MOLYBDENUM  (Mo) 

(  ppm) 

0.8 

0.5 

1.2 

NICKEL  (  Nl) 

(  ppm) 

6.1 

1.5 

4.2 

LEAD  (  Pb) 

(  ppm) 

7.3 

6.2 

5.7 

SELENIUM  (Se) 

(  ppm) 

<0.05 

<0.05 

<0.05 

ZINC  (  Zn) 

(  ppm) 

5.7 

9.3 

9.6 

*Insuf f iclent  Sample 
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Tobacco  Gardeas  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-126 

Location:   2950'  S.  &  450'  E.  of  NW  Corner,  Sec.  20,  T.  152  N. 

Logged  by:   F.  Calcagno 

Date:   March  1982 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 
6th  Hr. 
24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15   bar 
SOIL   REACTION-pH 

Paste 

1:5    H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


Percentage 


Saturation 
ECeLd25°C 

Ca++ 

Mg-H- 

Na++ 

K+ 

co3_ 

HC03_ 
Cl- 

so4. 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 


Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOActfpH  8.2 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


2.4 

2.6 

4.0 

5.7 

26.7 

41.4 

42.7 


59.0 

1.14 

8.2 

3.9 

0.4 

0.4 

0.0 

8.6 

<0.1 
3.8 

<0.1 
0.2 

<0.1 
0.7 

0.15 
1.6 
0.6 
25.1 


LABORATORY  DESCRIPTION 


4,372 

4,373 

4,374 

4,375 

4,  176 

4,377 

126-1 

126-2 

126-3 

126-4 

126-5 

126-6 

0-0.9 

0.9-4.3 

4.3-10.0 

10.0-22.4 

22.4-35.6 

35.6-43.8 

12.4 
9.1 
9.4 
13.0 
10.5 
54.4 
31.9 


39.0 

0.74 

3.7 

2.7 

0.5 

0.2 

0.0 

3.9 

<0.1 
2.8 
0.4 
0.3 

<0.l 
0.2 

0.12 

1.3 

2.9 

14.0 


0.8 
0.7 
12.7 
17.9 
16.4 
38.5 
38.2 


55.1 

5.1 

10.6 

38.6 

17.6 

0.7 

0.0 

2.6 

1.8 

63.0 

<0.1 

3.6 

1.0 

2.7 

0.80 

5.0 

3.9 

21.1 


0.5 
0.5 
0.3 
0.3 
0.7 
2.3 
71.6 


84.2 

4.8 

10.7 

31.9 

17.2 

0.9 

0.0 

1.8 

1.8 

56.0 

1.9 

3.7 

1.4 

3.6 

1.00 
5.9 
4.4 
24.7 


0.3 
0.5 
0.5 
0.8 
3.7 
5.8 
61.0 


76.1 

6.2 

23.1 

39.8 

23.8 

1.6 

0.0 

3.8 

0.3 

80.7 

4.1 

4.2 

1.8 

4.9 


4.9 
26.6 


0.0 
0.0 
0.1 
0.1 
0.3 
0.5 
69.1 


2.83 

3.54 

0.22 

0.08 

0.14 

0.00 

2.91 

1.89 

0.28 

0.06 

0.16 

0.00 

(ml) 

25.0 

20.0 

23.0 

30.0 

33.0 

39.0 

(X) 

25.9 

18.1 

22.9 

33.9 

37.9 

42.6 

10.8 

7.8 

10.4 

14.8 

18.2 

17.4 

7.4 

8.0 

8.3 

7.8 

7.1 

7.9 

8.3 

9.3 

9.0 

9.3 

9.0 

9.0 

78.1 
2.9 
4.5 
6.9 

19.2 
1.3 
0.0 
4.9 
0.1 

27.3 

<0.1 
8.0 
1.5 
0.9 

0.60 
1.0 
10.0 
27.0 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf t iclent  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


<0.1 

<0.1 

<0.l 

2.04 

4.06 

2.18 

<0.1 

0.86 

<0.1 

1.4 

10.3 

9.9 

25.4 

115.0 

126.0 

0.15 

0.20 

0.25 

31.6 

19.6 

32.2 

0.2 

0.9 

0.9 

0.56 

1.4 

2.4 

2.6 

4.0 

8.2 

<0.05 

<0.05 

<0.05 

2.8 

4.1 

6.7 

Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-126  (cont'd) 

Location:   2950'  5.  4  450'  E.  of  NW  Corner,  Sec.  20,  T.  152  N. 

Logged  by:   F.  Calcagno 

Late:   March  1982 
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LABORATORY  DESCRIPTION 


DETERMINATION 

(percent) 

Data 

LABORATORY  NUMBER 

4,378 

4,379 

4,380 

4,381 

4,382 

4,383 

SACK  NUMBER 

126-7 

126-8 

126-9 

126-10 

126-11 

126-12 

DEPTH  (FT) 

51.4-65.8 

65.8-85.0 

85.0-100.8 

100.8-114.9 

114.9-127.6 

131.3-147.0 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(2.0-1.0  mm) 

0.0 

0.0 

0.0 

0.0 

0.4 

0.2 

Coarse  Sand 

(1.0-0.5  mm) 

0.0 

0.0 

0.0 

0.0 

0.3 

0.2 

Medium  Sand 

(0.5-0.25  mm) 

0.0 

0.0 

0.0 

0.1 

0.3 

0.1 

Fine  Sand 

(0.25-0.10  mm) 

0.2 

0.4 

0.3 

0.6 

2.6 

9.1 

Very  Fine  Sand 

(0.10-0.05  mm) 

3.0 

16.2 

7.9 

7.8 

15.1 

2.9 

TOTAL  SAND 

(2.0-0.05  mm) 

3.2 

16.6 

8.2 

8.5 

18.7 

3.5 

SILT 

(0.05-0.002  mm) 

61.5 

54.1 

61.0 

65.9 

63.5 

65.1 

CLAY 

(0.002  mm) 

35.3 

29.3 

30.8 

25.6 

17.8 

31.4 

GRAVEL 

(percent) 

- 

- 

- 

- 

- 

- 

TEXTURAL  CLASS  (LAB) 

S1CL 

S1CL 

SiCL 

SICL 

StL 

SICL 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

24th  Hr. 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

54.0 

72.0 

220.0 

31.0 

28.0 

45.0 

MOISTURE  RETENTION 

(%) 

1/3  bar 

39.9 

50.9 

64.6 

37.7 

38.2 

52.2 

15  bar 

17.1 

22.0 

31.2 

15.6 

14.0 

20.1 

SOIL  REACTION-pH 

Paste 

8.3 

8.8 

9.1 

8.2 

8.0 

8.7 

1:5  H20 

9.4 

9.6 

9.5 

9.8 

9.7 

10.1 

1:2  0.01  _M_  CaCl2 

- 

- 

- 

- 

- 

- 

GYPSUM  REQUIREMENT 

(me/lOOg) 

- 

- 

- 

- 

- 

- 

SATURATION  EXTRACT 

Saturation  Percentage 

83.4 

95.5 

148.4 

60.5 

57.0 

82.0 

ECeS25°C 

(mmhos/cm) 

2.0 

1.8 

1.4 

2.0 

2.9 

2.3 

Ca++ 

(me/1) 

1.2 

0.4 

0.2 

0.5 

1.1 

0.4 

Mg-H- 

(me/1) 

0.8 

0.2 

0.1 

0.5 

1.1 

0.4 

Na++ 

(me/1) 

18.2 

16.8 

13.1 

19.0 

26.9 

20.9 

K+ 

(me/1) 

0.5 

0.3 

0.2 

0.3 

0.4 

0.4 

co3_ 

(me/1) 

0.2 

0.7 

1.3 

0.0 

0.0 

0.4 

HC0j_ 

(me/1) 

5.8 

5.9 

6.6 

12./ 

8.8 

7.8 

Cl- 

(me/1) 

<0.1 

0.1 

0.1 

<0.1 

0.3 

0.1 

so4_ 

(me/1) 

14.0 

10.8 

5.1 

6.7 

20.1 

14.3 

N03_ 

(me/1) 

<0.1 

<0.l 

<0.1 

<0.1 

<0.1 

<0.1 

SAR 

(me/1) 

18.2 

30.7 

33.8 

26.9 

25.7 

33.0 

Na 

(me/lOOg) 

1.5 

1.6 

1.9 

1.1 

1.5 

1.7 

Ca+Mg 

(me/lOOg) 

0.2 

0.1 

<0.1 

0.1 

0.1 

0.1 

1:5  EXTRACT 

EC5@25°C 

(mmhos/cm) 

0.44 

0.58 

0.66 

0.50 

0.58 

0.64 

Ca+Mg 

(me/1) 

0.1 

0.0 

0.0 

0.1 

0.1 

0.0 

EXCHANGEABLE  SODIUM 

(percent) 

25.2 

50.0 

62.3 

56.3 

58.7 

67.2 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

20.4 

19.3 

25.2 

22.4 

25.4 

28.5 

NaOAcUpH  8.2 

SILVER  (Ag) 

(ppm) 

<0.l 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

BORON  (B) 

(ppm) 

1.78 

0.52 

0.40 

1.02 

2.12 

0.78 

CADMIUM  (Cd) 

(ppm) 

0.57 

0.31 

0.18 

0.11 

0.65 

0.28 

COPPER  (Cu) 

(ppm) 

7.4 

6.6 

9.2 

4.0 

5.4 

11.2 

IRON  (Fe) 

(ppm) 

55.2 

53.4 

68.0 

145.0 

52.9 

32.8 

MERCURY  (Hg) 

(ppm) 

0.15 

0.10 

0.20 

0.15 

0.20 

0.30 

MANGANESE  (Mn) 

(ppm) 

17.2 

13.1 

19.0 

63.8 

22.4 

8.0 

MOLYBDENUM  (Mo) 

(ppm) 

0.3 

0.4 

1.7 

0.5 

0.5 

1.3 

NICKEL  (Nl) 

(ppm) 

1.0 

1.7 

5.0 

3.1 

6.4 

4.4 

LEAD  (Pb) 

(ppm) 

8.9 

4.8 

7.6 

4.6 

4.4 

6.9 

SELENIUM  (Se) 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

ZINC  (Zn) 

(ppm) 

4.1 

7.1 

6.5 

4.5 

5.0 

7.2 

insufficient  ^Sample 
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Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-126  (cont'd) 

Location:   2950'  S.  &  450'  E.  of  NW  Corner,  Sec.  20,  T.  152  N. ,  R. 

Logged  by:   F.  Calcagno 

Date:   March  1982 


DETERMINATION 
LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 
MOISTURE  RETENTION 

1/3  bar 

15  bar 
SOIL   REACTION-pH 

Paste 

1:5   H20 

1 :2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 

ECe@25°C 
Ca++ 
Mg++ 
Na++ 
K+ 

co3_ 

HCOj_ 
Cl- 

soA. 

N03_ 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(in/hr) 


(ml) 
(%) 


EC.|S25°C 


(me/lOOg) 


(mmhos/cm) 


Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 

NaOAcSpH  8.2 


(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/lOOg) 
(me/100g) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


147.0-164.0 


0.  - 
0.0 
0.0 
0.0 
0.1 
0.1 
59.5 
40.4 


0.00 
0.00 
235.0 

75.5 
32.2 

8.9 
10.3 


175.0 

1.54 

0.3 

0.1 

15.2 

0.2 

0.5 

7.5 

0.1 

7.2 

<0.1 

34.0 

2.7 

0.1 

0.70 
0.0 
45.7 
33.9 


LABORATORY  DESCRIPTION 
Data 


4,385 


4,388 


126-17 


164.0-132.9 


203.8-217.0 


217.0-233.4 


0.5 
0.7 
0.6 
0.6 
2.0 
4.4 
38.8 
56.8 


0.00 
0.00 
205.0 

105.5 
48.0 

9.2 

10.4 


226.6 

1.24 

0.3 

0.1 

13.0 

0.2 

1.3 

8.9 

0.1 

2.1 

<0.1 

29.1 

2.9 

0.1 

0.92 
0.0 
50.7 
42.6 


0.0 
0.2 
0.1 
0.4 
11.9 
12.6 
59.0 
28.4 


0.00 
0.00 
255.0 

58.5 
33.5 

9.3 

10.4 


15Q.3 
1.26 
0.2 
0.0 

12.4 
0.1 
1.4 
6.3 
0.1 
4.5 

<0.1 

39.2 
1.9 

<0.1 

0.65 
0.0 
58.1 
22.9 


0.0 
0.3 
1.5 
34.1 
25.8 
61.7 
21.5 
16.8 


0.00 
0.00 
145.0 

48.8 
25.2 

9.2 
10.0 


115.6 
1.55 
0.1 
0.1 

15.1 
0.1 
1.1 
7.9 
0.2 
5.5 

<0.1 

47.8 
1.7 

<0.1 

0.58 
0.0 
93.1 
23.2 


0.2 
0.1 
0.3 
24.3 
29.1 
54.0 
29.1 
16.9 


0.00 
0.00 
170.0 

40.7 
26.3 

9.5 
10.1 


115.8 
1.17 
0.2 
0.0 

10.7 
0.1 
1.5 
5.2 
0.1 
3.8 

<0.1 

33.8 
1.2 

<0.1 

0.52 
0.0 
97.2 
18.-8 


242.  i-.1  >•.'• 


3.4 
1.7 
l.l 
1.4 
1.6 
9.2 
47.2 
43.6 


0.00 
0.00 
195.0 

61.9 
28.2 

8.7 
10.1 


140.4 
1.95 
0.2 
0.1 

19.2 
0.2 
0.7 
9.8 
0.1 
7.9 

<0.1 

49.6 
2.7 

<0.1 

0.69 

0.0 
52.4 
28.8 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zr.) 
insufficient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

1.72 

2.08 

0.36 

0.40 

0.24 

0.54 

(ppm) 

0.15 

<0.1 

0.28 

0.35 

0.26 

0.11 

(ppm) 

8.0 

6.8 

6.1 

2.6 

0.63 

,    9.3 

(ppm) 

67.3 

50.6 

40.2 

121.0 

36.0 

193.0 

(ppm) 

0.25 

0.25 

0.25 

0.15 

0.10 

0.30 

(ppm) 

18.9 

13.1 

9.5 

25.7 

7.1 

10.4 

(ppm) 

1.3 

2.7 

0.5 

0.6 

0.3 

1.0 

(ppm) 

4.3 

5.8 

1.6 

7.6 

2.0 

1.8 

(ppm) 

8.0 

11.0 

7.4 

3.9 

2.6 

9.2 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

7.5 

7.8      6.6 

7.2 

2.5 

6.8 
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Tobacco  Gardens  Study  Area,  North  Dakota 
Geologic  Drill  Hole:   82-126  (cont'd) 
Location:   2950'  S.  &  450'  E.  of  NW  Corner, 
Logged  by:   F.  Calcagno 
Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK   NUMBER 

DEPTH   (FT) 

PARTICLE   SIZE   ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2.0-1.0  mm) 

Coarse  Sand 

U.0-0.5  mm) 

Medium   Sand 

(0.5-0.25  mm) 

Fine   Sand 

(0.25-0.10  mm) 

Very   Fine  Sand 

(0.10-0.05  mm) 

TOTAL   SAND 

(2.0-0.05  mm) 

SILT 

(0.05-0.002  mm) 

CLAY 

(0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL   CLASS    (LAB) 

HYDRAULIC   CONDUCTIVITY 

(in/hr) 

6th   Hr. 

24th  Hr. 

SETTLING   VOLUME 

(ml) 

MOISTURE    RETENTION 

(%) 

1/3  bar 

15    bar 

SOIL   REACT ION-pH 

Paste 

1:5  H20 

1:2    0.01      M     CaCl2 

GYPSUM   REQUIREMENT 

(me/lOOg) 

SATURATION    EXTRACT 

Saturation  Percentage 
ECeU25'C 

Ca++ 

Mg-H- 

Na++ 

K+ 

CO, 


u3 
HCO 


3- 


SAR 
Na 

Ca+Mg 
1:5  EXTRACT 
EC5ia25°C 
Ca+Mg 
EXCHANGEABLE  SUUIUM 
CATION  EXCHANGE  CAPACITY 
NaOAc?pH  8.2 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/l) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


Sec.  20,  T.  152  N. ,  R.  98  W. 


4,390 


126-19 


252.5-255.2 


0.0 
0.1 
0.1 
1.9 
34.7 
36.8 
47.2 
16.0 


0, 

,00 

0, 

,00 

28, 

,0 

32, 

,4 

9, 

,4 

8, 

,7 

9, 

,9 

57.4 
2.4 
0.5 
0.1 

20.6 
0.3 
0.3 
7.6 
0.1 

14.0 

<0.l 

37.6 
1.2 

<0.l 

0.50 
0.0 
80.4 
13.3 


LABORATORY  DESCRIPTION 

Data 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Kg) 
MANGANESK  (In) 
MOLYBDENUM  (Mo) 
NICKEL  (Ni) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (/.n) 
♦insufficient  Sample 


(ppm) 

<0.I 

(ppm) 

0.68 

(ppm) 

<0.1 

(ppm) 

5.5 

(ppm) 

55.2 

(ppm) 

0.10 

(ppm) 

21.2 

(ppm) 

0.3 

(ppm) 

1.9 

(ppm) 

3.8 

(ppm) 

<0.05 

(ppm) 

5.9 

Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-127 

Location:   2624'  N.  S  1274'  W.  of  SE  Corner,  Sec.  31, 

Logged  by:   C.  Botdorf 

Date:   March  1982 


T.  152  N.,  R.  97  W. 


Table  21 
Sheet  1 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2. 

0-1.0  mm) 

Coarse  Sand 

(I- 

0-0.5  mm) 

Medium  Sand 

(0.5 

-0.25  mm) 

Fine  Sand 

(0.25 

-0.10  mm) 

Very  Fine  Sand 

(0.1C 

-0.05  mm) 

TOTAL  SAND 

(2.0 

-0.05  mm) 

SILT 

(0.05- 

0.002  mm) 

CLAY 

( 

0.002  mm) 

GRAVEL 

(percent) 

TEXTURAL  CLASS  (LAB) 

HYDRAULIC  CONDUCTIVITY 

(In/hr) 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

MOISTURE  RETENTION 

(Z) 

1/3  bar 

15  bar 

SOIL  REACTION-pH 

Paste 

1:5  H20 

1:2  0.01   M  CaCl2 

GYPSUM  REyUIREMENT 

(me/lOOg) 

SATURATION  EXTRACT 

LABORATORY  DESCRIPTION 
Data 

4,391 

4,392 

4,393 

4,394 

4,395 

4,396 

127-1 

127-2 

127-3 

L27-4 

127-5 

127-6 

0-1.2 

1.2-3 

3 

3.3-10.0 

10.0-20 

0 

20.0-28.5 

28.5-42.5 

Saturation  Percentage 
ECe«25°C 

Ca++ 

Mg-H- 

Na++ 

K+ 

co3_ 

HC03_ 
Cl- 

so4_ 

N03_ 
SAR 


Ca+Mg 
1:5  EXTRACT 

EC5tf25°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 


(mmhos/cm) 


(me/ 

) 

(me/ 

) 

(me/ 

) 

(me/ 

) 

(me/ 

) 

(me/ 

) 

(me/ 

-) 

(me/ 

0 

(me/ 

l) 

(me/ 

) 

AOOj 

;) 

(me 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


0.7 

1.2 

1.7 

4.5 

9.5 

17.6 

51.1 

31.3 


0.16 

0.18 
27.0 

34.7 
15.6 

7.9 
8.6 


57.4 
8.0 


1.52 
7.8 
59.5 
12.1 


10.7 
0.9 
0.8 
15.3 
24.6 
32.3 
48.0 
19.7 


0.10 
0.12 
23.0 

29.6 

12.2 

8.4 
8.9 


60.3 

12.0 

22.7 

65.5 

81.6 

0.5 

0.0 

1.7 

1.0 

164.0 

0.24 

12.3 

4.9 

5.3 

2.44 

1.5 

10.9 

23.5 


0.2 
0.0 
0.4 
41.7 
19.8 
62.1 
25.4 
12.5 


0.04 
0.02 
48.0 

20.5 
8.1 

8.9 
9.1 


55.5 

7.1 

14.5 

28.2 

45.8 

0.7 

0.1 

2.0 

0.7 

88.0 

<0.1 

9.9 

2.5 

2.4 

1.12 
3.5 
13.1 
15.5 


3.3 

1.4 

1.3 
60.2 

9.6 
75.8 
16.1 

8.1 


1.42 
.87 
21.0 

16.5 
7.5 

7.8 
9.2 


34.1 
5.0 


.50 
1.0 
3.3 
28.0 


0.0 
0.0 
0.3 
20.9 
42.6 
63.8 
19.4 
16.8 


0.00 
0.00 
100.0 

27.6 
10.7 

8.1 
9.8 


64.7 

1.60 

1.6 

1.4 

12.0 

0.3 

0.0 

2.5 

0.2 

13.6 

<0.1 

9.8 

0.8 

0.2 

0.30 
0.2 
11.5 
19.8 


0.0 
0.0 
0.2 
32.0 
43.6 
75.8 
13.0 
11.2 


0.22 
0.14 
20.0 

19.5 

7.8 

8.6 
9.2 


45.9 
1.35 
1.7 
1.2 
9.9 
0.31 

Trace 
4.0 
0.4 
9.0 
0.1 
8.2 
0.5 
0.1 

0.25 
0.2 
9.3 
13.0 


NaOActfpH  8.2 


SILVER  (Ag) 

BORON  (B) 

CADMIUM  (Cd) 

COPPER  (Cu) 

IRON  (Fe) 

MERCURY  (Hg) 

MANGANESE  (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Ni) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f icient  Sample 


(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 


<0.1 

<0.1 

<0.1 

0.76 

0.26 

0.58 

<0.1 

<0.1 

<0.l 

1.7 

0.75 

1.4 

23.8 

36.0 

34.2 

0.05 

0.05 

0.05 

22.1 

29.8 

8.7 

0.7 

0.2 

0.4 

1.2 

l.l 

1.4 

2.0 

1.6 

4.2 

<0.05 

<0.05 

<0.05 

4.2 

1.3 

3.5 
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Tobacco  Gardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-127  (cont'd) 

Location:   2624'  N.  &  1274'  W.  of  SE  Corner,  Sec. 

Logged  by:   C.  Botdorf 

Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 

SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


31,    T.    152   N.,    R.    97   W. 


LABORATORY  DESCRIPTION 

Data 

4,397 

4,398 

4,399 

4,400 

4,401 

4,402 

127-7 

127-8 

127-9 

127-10 

127-11 

127-12 

42.5-53.5 

63.4-71 

,0 

71.0-83.5 

83.5-98 

0 

107.1-121.0 

121.0-125.0 

(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mm) 

(percent) 

(ln/hr) 


MOISTURE    RETENTION 
1/3   bar 
15  bar 
SOIL   REACTION-pH 
Paste 
1:5  H20 

1:2   0.01  _M_  CaCl2 
GYPSUM   REQUIREMENT 
SATURATION    EXTRACT 

Saturation  Percentage 
ECe(J25°C 
Ca++ 
Mg++ 
Na++ 
K+ 
CO, 


»- 


"3 
HCO 

Cl- 

so4. 

N03_ 
SAR 


Ca+Mg 
1:5  EXTRACT 

EC5925°C 

Ca+Mg 
EXCHANGEABLE  SODIUM 
CATION  EXCHANGE  CAPACITY 


(me/lOOg) 


(mmhos/cm) 


(me/ 
(me/ 
(me/ 
(me/ 
(ae/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/ 
(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/I) 

(percent) 

(me/lOOg) 


e/1) 
e/1) 
e/1) 
e/1) 
e/1) 
e/1) 
e/1) 
e/1) 
e/1) 
e/1) 


0.0 
0.3 
0.3 
0.3 
0.4 
1.3 
64.1 
34.6 


84.1 
1.72 
0.8 
0.6 

14.8 
0.3 

Trace 
5.7 
0.3 

10.4 
0.1 

17.7 
1.2 
0.1 

0.52 
0.2 
53.4 
15.3 


0.0 

0.0 
0.1 
0.1 
3.5 
3.7 
52.9 
43.4 


85.2 
1.92 
0.5 
0.4 

17.9 
0.3 
0.3 
9.0 
0.3 
8.6 

<0.l 

26.7 
1.5 
0.1 

0.60 

0.1 
36.5 
21.2 


0.1 
0.2 
0.6 
50.3 
19.6 
70.8 
14.2 
15.0 


71.8 

2.4 
0.6 
0.2 

22.4 
0.2 
0.8 
9.1 
0.3 

12.5 

<0.1 

35.4 
1.6 
0.1 

0.64 
0.0 

47.4 
16.3 


0.2 
0.1 
0.5 
47.8 
22.1 
70.7 
15.2 
14.1 


119.2 
1.5 
0.1 
0.1 

13.7 
0.1 
3.1 
5.3 
0.2 
5.4 

<0.1 

43.3 
1.6 

<0.1 

0.60 
0.0 
28.2 
35.3 


0.3 
0.3 
0.1 
0.2 
1.8 
2.7 
47.3 
50.0 


135.7 
2.0 
0.2 
0.1 

16.1 
0.2 
0.8 
8.0 

<0.1 
8.0 

<0.1 

41.6 
2.2 

<0.1 

0.92 
0.0 
62.2 
24.9 


0.2 
0.1 
0.1 
0.0 
26.5 
26.9 
38.9 
34.2 


0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

47.0 

71.0 

85.0 

180.0 

175.0 

180.0 

U) 

56.4 

49.7 

43.0 

46.4 

64.6 

51.1 

27.9 

20.6 

13.5 

25.0 

27.0 

23.1 

8.4 

8.6 

9.2 

9.6 

8.8 

8.5 

9.8 

9.8 

10.3 

10.2 

9.6 

10.1 

104.6 
2.6 

0.1 
0.2 

22.8 
0.2 
0.6 

10.5 
0.2 

10.5 

<0.1 

58.9 
2.4 

<0.1 

0.88 
0.2 
47.4 
27.2 


Na0Ac@pH  8.2 


SILVER  (Ag) 
BORON  (B) 
CADMIUM  (Cd) 
COPPER  (Cu) 
IRON  (Fe) 
MERCURY  (Hg) 
MANGANESE  (Mn) 
MOLYBDENUM  (Mo) 
NICKEL  (Nl) 
LEAD  (Pb) 
SELENIUM  (Se) 
ZINC  (Zn) 
insufficient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

(ppm) 

0.60 

0.64 

0.66 

0.48 

0.48 

0.90 

(ppm) 

0.19 

0.33 

0.62 

<0.1 

0.50 

0.18 

(ppm) 

7.0 

9.5 

2.0 

1.5 

25.7 

9.9 

(ppm) 

46.2 

155.0 

98.8 

52.0 

149.0 

202.0 

(ppm) 

0.25 

'.in 

0.05 

0.05 

0.05 

0.05 

(ppm) 

13.4 

33.8 

15.1 

7.0 

24.4 

57.6 

(ppm) 

0.8 

0.6 

0.5 

0.2 

1.0 

0.7 

(ppm) 

2.8 

3.7 

2.8 

1.5 

3.3 

7.0 

(ppm) 

10.3 

6.6 

3.0 

3.8 

9.2 

5.2 

(ppm) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(ppm) 

7.5 

10.5 

S.O 

5.3 

11.2 

9.9 
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Tobacco  hardens  Study  Area,  North  Dakota 

Geologic  Drill  Hole:   82-127  (cont'd) 

Location:   2624'  S.  S  1274'  W.  of  SE  Corner,  Sec.  31,  T.  152  N. ,  R..  97  W. 

Logged  by:   C.  Botdorf 

Date:   March  1982 


DETERMINATION 

LABORATORY  NUMBER 


SACK  NUMBER 

DEPTH  (FT) 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

Coarse  Sand 

Medium  Sand 

Fine  Sand 

Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 
GRAVEL 

TEXTURAL  CLASS  (LAB) 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 
SETTLING  VOLUME 


(percent) 

(2.0-1.0  mm) 

(1.0-0.5  mm) 

(0.5-0.25  mm) 

(0.25-0.10  mm) 

(0.10-0.05  mm) 

(2.0-0.05  mm) 

(0.05-0.002  mm) 

(0.002  mtr) 

(percent) 

(in/hr) 


MOISTURE  RETENTION 
1/3  bar 
15  bar 
SOIL  REACTION-pH 
Paste 
1:5  H20 

1:2  0.01  _M_  CaCl2 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
ECee25°C 
Ca++ 
Mg++ 
Na-H- 
K+ 
co3_ 
HCO, 


""3- 
SAR 
Na 

Ca+Mg 
1:5  EXTRACT 


EC5@25°C 

Ca+Mg 
EXCHANGEABLE    SODIUM 
CATION   EXCHANGE   CAPACITY 

NaOAcgpH  8.2 


(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(ramhos/cm) 

(me/1) 

(percent) 

(me/lOOg) 


LABORATORY   DESCRIPTION 

Data 


125.0-129.4 

129.4-137.0 

13) 

.0-142.0 

0.0 

0.1 

0.0 

0.0 

0.2 

0.0 

0.0 

0.2 

0.1 

0.2 

0.0 

0.1 

0.2 

5.5 

0.2 

0.4 

6.0 

0.4 

33.2 

56.4 

31.3 

66.4 

37.6 

68.3 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

430.0 

270.0 

440.0 

U) 

88.5 

66.3 

64.7 

31.3 

28.1 

27.4 

8.8 

9.0 

8.6 

9.5 

10.1 

9.8 

192.7 

2.0 

0.1 

0.1 

15.8 

0.2 

0.6 

6.0 

0.1 

10.1 

<0.1 

53.1 

3.2 

<0.1 

1.00 
0.0 
62.1 
32.2 


136.3 
1.82 
0.2 
0.1 

15.7 
0.1 
0.9 
6.6 
0.1 
8.7 

<0.1 

40.5 
2.1 

<0.1 

0.76 
0.1 
71.5 
25.3 


132.8 
1.92 
0.4 
0.2 

17.6 
0.2 
0.4 
8.6 
0.1 
7.3 

<0.1 

32.1 
2.3 

<0.l 

0.70 
0.4 
57.7 
29.3 


SILVER   (Ag) 

BORON    (B) 

CADMIUM   (Cd) 

COPPER   (Cu) 

IRON   (Fe) 

MERCURY   (Hg) 

MANGANESE    (Mn) 

MOLYBDENUM  (Mo) 

NICKEL  (Nl) 

LEAD  (Pb) 

SELENIUM  (Se) 

ZINC  (Zn) 

*Insuf f Icient  Sample 


(ppm) 

<0.1 

<0.1 

<0.1 

(ppm) 

0.68 

0.32 

0.58 

(ppm) 

0.22 

0.15 

<0.1 

(ppm) 

13.0 

7.2 

11.2 

(ppm) 

128.0 

41.6 

142.0 

(ppm) 

0.25 

0.15 

0.35 

(ppm) 

20.9 

2.3 

8.3 

(ppm) 

1.8 

0.4 

0.7 

(ppm) 

4.1 

2.0 

5.0 

(ppm) 

11. 1 

7.7 

9.0 

(ppm) 

<0.05 

<0.05 

<0.05 

(ppm) 

11.2 

6.4 

13.9 

Criteria  Used  to  Determine  Suitability  of  Overburden  Material 
For  Use  as  Plant  Media  in  Revegetationi/ 


Parameter 


Electrical  Conductivity 
(mmhos/cm) 


PH 


Sodium  Adsorption  Ratio 
(SAK) 


Exchangeable  Sodium 
Percentage  (ESPJ 


Boron  (mg/1) 
Selenium  (mg/1) 
Molybdenum  (mg/1) 

Copper  (mg/1) 
Manganese  (mg/1) 
Zinc  (mg/1) 
Lead  (mg/1) 

Cadmium  (mg/1) 
Nickel  (mg/1) 
Mercury  (mg/1) 

Iron  (mg/1) 
Nitrate-Nitrogen  (mg/1) 


Methodology 

Pipette  method  plus  sand 
sieving 

Saturation  extract/con- 
ductivity bridge 

Saturated  paste/ glass 
electrode 

Calculate:  Na/  V(Ca+Mg)/2; 
Ca,  Mg ,  and  Na  in  meq/1 


Ammonium  acetate  ex- 
traction; calculate: 
Na/CEC  x  100% 

Hot  water  extraction/ 
carmine  method 

Hydride  generation; 
flameless  AA 

Ammonium  oxalate  ex- 
traction; flameless  AA 
or  N2O  flame  AA  -  5000 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

Extraction  by  H2SO4; 
flameless  AA 
(quartz  cell) 


FSL,  VFSL,  L,  SiL,  SCL 


6-0  -  8-4 
<6 


<1 

<60 

<40 

10-15  (pH  <6) 
15-20  (pH  >6) 

<1 

2-3 

<0.5 


Limited  Suitability 
LFS,  SL,  CL,  SiCL,  SC 


5.0  -  6.0; 
8.4  -  9.0 

6-9  heavy  textures 
6-12  medium  and  coarse 
textures 


Unsuitable 


S,  LS,  SiC,  C 


<5.0; 
>9.0 

>9  -  heavy  textures 
>12  -  medium  and  coarse 
textures 


>15*/ 


15  (pH  <6) 
20  (pH  >6) 


Not  Established 
Not  Established 


U   Applicable  only  to  reclamation  study  areas  in  Montana  and  North  Dakota. 
2/  Rate  2:1  -  Clay  texture  poor  if  >10,  sand  texture  if  >20. 

V  Suspect  level  not  established  -  an  excessive  consumption  ol  molybdenum  through  ingestatlon  of  vegetation  may  be  toxic 
to  animals.   This  concern  is  directly  related  to  the  Cu:Mo  ratio  in  the  plant  tissue. 


Table  23 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Hanks  Study  Area 
Drill  Hole  82-101 


Depth  (ft) 

Type 

Suitability 

0.0-0.7 

Loam 

Suitable 

0.7-4.0 

Clay  loam 

Suitable 

4.0-6.5 

Loam  till 

Limited 

6.5-10.0 

Loam  till 

Limited 

10.0-31.5 

Loam  till 

Limited 

31.5-53.0 

Loam  till 

Suitable 

53.0-63.0 

Ss 

Limited 

63.0-82.0 

S  Sist 

Limited 

82.0-98.5 

Sh 

Limited 

98.5-110.8 

SiSs 

Limited 

110.8-128.0 

S  Sist 

Unsuitable 

128.0-137.2 

Sh 

Unsuitable 

141.0-153.0 

Sh 

Unsuitable 

153.0-160.5 

SiSs 

Unsuitable 

160.5-173.4 

Sh 

Unsuitable 

173.4-177.8 

Ss 

Unsuitable 

Limiting  Factor(s) 


Salinity 
Salinity 
Salinity,  Texture 

%  Sodium 
%  Sodium 

Texture,  %  Sodium 
%  Sodium 
%  Sodium 

%  Sodium,  Texture 
%  Sodium,  Texture 
%  Sodium,  Nickel 
%  Sodium,  Texture 
%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  24 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Hanks  Study  Area 
Drill  Hole  82-102 


Depth  (ft) 

Type 

Suitability 

2.0-5.5 

Loam 

till 

Limited 

5.5-9.0 

Loam 

till 

Limited 

9.0-10.0 

Loam 

till 

Limited 

10.0-24.0 

Ss 

Limited 

24.0-42.5 

Ss 

Unsuitable 

42.5-60.0 

Ss 

Unsuitable 

60.0-78.0 

Ss 

Unsuitable 

78.0-95.0 

Ss 

Unsuitable 

95.0-111.4 

Ss 

Unsuitable 

111.4-123.8 

Sh 

Limited 

123.8-137.9 

Sh 

Unsuitable 

148.1-154.7 

Ss,  Sh 

Limited 

154.7-170.0 

Ss 

Suitable 

Limiting  Factor(s) 

Texture 

Texture 

Texture 

Texture 

Texture 

Texture 

Texture 

Texture 

Texture 

Texture 

Texture,  Nickel 

Texture 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  25 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Hanks  Study  Area 
Drill  Hole  82-103 


Depth  (ft) 

Type 

Suitability 

Limiting  Factor(s) 

0.0-1.4 

Loam 

Suitable 

- 

1.4-5.0 

Sandy  loam 

Limited 

Texture 

5.0-10.0 

Gravel/Sand 

Unsuitable 

Texture 

10.0-13.8 

Till 

Limited 

Texture 

13.8-31.5 

S  Sist 

Suitable 

- 

31.5-44.0 

Sh 

Unsuitable 

Texture,  Nickel 

44.0-63.0 

SiSs,  Sh 

Limited 

Texture,  Nickel 

73.0-82.0 

SiSs 

Unsuitable 

Texture,  Nickel 

91.9-103.0 

Ssh 

Limited 

Texture,  %  Sodium 

113.0-131.5 

SiSs 

Limited 

Texture,  %  Sodium 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  26 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Hanks  Study  Area 
Drill  Hole  82-104 


Depth  (ft) 

Typ 

>e 

Suitability 

0.0-0.7 

Loam 

Suitable 

6.0-10.0 

Loam 

till 

Suitable 

10.0-37.5 

Loam 

till 

Suitable 

37.5-45.0 

Loam 

till 

Suitable 

45.0-71.6 

Loam 

till 

Limited 

71.6-85.0 

Ss 

Suitable 

85.0-100.2 

Ss 

Limited 

100.2-115.0 

Sish 

Limited 

115.0-122.2 

Sh 

Suitable 

122.2-133.3 

Css 

Suitable 

133.3-161.0 

Ss 

Suitable 

161.0-185.5 

Sh 

Suitable 

185.5-191.5 

Css 

Suitable 

191.5-196.5 

Sh 

Suitable 

196.5-217.3 

Css 

Limited 

218.5-231.5 

Sh 

Unsuitable 

231.5-235.4 

Sish 

Unsuitable 

236.4-245.9 

Sh 

Unsuitable 

245.9-263.2 

Css 

Unsuitable 

263.2-267.9 

Sh 

Unsuitable 

267.9-284.6 

Css 

Unsuitable 

284.6-308.8 

Sh 

Unsuitable 

308.8-332.5 

Sh 

Unsuitable 

Limiting  Factor(s) 


Salinity 

Texture 

Texture,  Salinity 


%  Sodium 

Texture,  %  Sodium 
%  Sodium 

Texture,  %  Sodium 
%  Sodium 

Texture,  %  Sodium 
%  Sodium 
%  Sodium,  Nickel 
%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  27 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Hanks  Study  Area 
Drill  Hole  32-105 


Depth  (ft) 

0.0-0.7 

0.7-2.8 

2.8-7.5 

7.5-10.0 

10.0-39.0 

39.5-48.6 

58.0-78.0 

78.0-93.0 

93.0-98.0 

101.5-118.0 

118.0-136.6 

138.0-146.2 

146.7-156.3 

156.6-172.0 

172.0-176.6 

181.7-195.0 

203.2-213.3 

213.3-234.5 

234.5-245.3 

245.3-258.3 

258.3-273.0 

273.0-291.5 


Type 

Clay  loam 

Clay  loam 

Till 

Ss 

Ss 

Sish 

Sh 

Sh 

Css 

Sish 

Sish 

Cbsh 

Sish 

Sh 

Cbsh 

Sh 

Sh 

Sish 

Le  St,  Sh 

Css 

Sh 

Sh 


Suitability 

Limited 

Limited 

Limited 

Suitable 

Limited 

Suitable 

Suitable 

Suitable 

Suitable 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 

Texture 
Texture 
Texture 

Texture 


%  Sodium 

%  Sodium,  Nickel 

%  Sodium,  Texture 

%  Soidum 

Texture,  %  Sodium 

%  Sodium,  Salinity 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  28 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Hanks  Study  Area 
Drill  Hole  82-106 


Depth  (ft) 

Typ 

ie 

Suitability 

0.0-0.9 

Clay 

loam 

Limited 

0.9-2.3 

Clay 

loam 

Limited 

2.3-5.0 

Till 

Limited 

5.0-10.0 

Till 

Limited 

10.0-14.0 

Till 

Limited 

14.0-23.0 

Till 

Limited 

23.0-40.7 

Till 

Limited 

40.7-55.0 

SiSs 

Limited 

55.0-71.8 

Sh 

Limited 

74.0-82.5 

SiSs 

Suitable 

82.5-88.3 

Sh 

Unsuitable 

90.0-115.0 

Sh 

Unsuitable 

115.0-134.0 

Sh 

Unsuitable 

134.0-152.0 

SiSs 

Unsuitable 

152.0-164.1 

Sh 

Unsuitable 

164.1-172.1 

Ss 

Unsuitable 

175.0-191.7 

S  Sist 

Unsuitable 

191.7-210.0 

Ss 

Unsuitable 

Limiting  Factor(s) 


Texture, 

Texture 

Texture, 

Texture, 

Texture, 

Texture, 

Texture, 

Texture, 

Texture, 

Texture, 
Texture, 
%  Sodium, 
%  Sodium, 
Texture, 
%  Sodium, 
%  Sodium, 
%  Sodium 


Zinc 

Manganese 

Salinity 

Salinity 

Salinity 

Salinity 

%  Sodium 

%  Sodium 

%  Sodium 
%  Sodium 
Nickel 
Nickel 
%  Sodium 
Texture 
Texture 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  29 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Sand  Creek.  Study  Area 
Drill  Hole  82-107 


Depth  (ft) 

Type 

Suitability 

2.0-60 

Clay  loam 

Limited 

6.0-10.0 

Till 

Limited 

10.0-44.6 

Till 

Limited 

44.0-60.0 

Till 

Limited 

60.0-72.2 

Till 

Suitable 

72.2-89.6 

Sish 

Unsuitable 

93.5-113.5 

Sh 

Limited 

113.5-134.1 

Sh 

Unsuitable 

134.1-151.1 

Sh 

Unsuitable 

151.1-163.0 

S  Sist 

Unsuitable 

163.0-183.0 

Ss 

Unsuitable 

183.0-195.7 

Ss,  Sh 

Unsuitable 

218.2-235.0 

Sh 

Unsuitable 

Limiting  Factor(s) 

Texture,  Salinity 

Texture,  Salinity 

Texture,  Salinity 
Texture 

Texture,  Nickel 
Texture,  Nickel 
Texture,  Nickel 
Texture,  %  Sodium 
%  Sodium 

%  Sodium,  Nickel 
%  Sodium 
Texture,  %  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  30 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Sand  Creek  Study  Area 
Drill  Hole  82-108 


Depth  (ft) 

Type 

Suitability 

2.0-5.0 

Clay  loam 

Limited 

5.0-10.0 

Till 

Limited 

10.0-30.6 

Till 

Limited 

30.6-39.0 

Till 

Limited 

39.0-49.0 

Sisn 

Limited 

49.0-59.4 

S  Sist 

Limited 

65.0-73.5 

S  Sist 

Limited 

78.5-104.0 

S  Sist 

Unsuitable 

104.0-124.8 

Sh 

Unsuitable 

124.8-131.2 

Ss 

Unsuitable 

131.2-137.4 

Sh 

Unsuitable 

145.9-159.4/ 

Sh 

Unsuitable 

162.4-168.0 

168.0-135.6 

Ss 

Unsuitable 

185.6-202.0 

S  Sist 

Unsuitable 

210.0-233.0 

Sish 

Unsuitable 

233.0-254.0 

Ssh 

Unsuitable 

Limiting  Factor(s) 


Texture, 

Texture, 

Texture, 

Texture 

Texture, 

Nickel 

Nickel 

%  Sodium, 

%  Sodium, 

%  Sodium, 

Texture, 

Texture, 


Manganese 
Manganese 
Salinity 

Nickel 


Nickel 

Nickel 

Nickel 

%  Sodium 

%  Sodium 


%  Sodium,  Nickel 

%  Sodium,  Nickel 
%  Sodium 

%  Sodium,  Nickel 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  31 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Sand  Creek  Study  Area 
Drill  Hole  82-109 


Depth  (ft) 

Type 

Suitability 

3.0-3.6 

Clay  loam 

Limited 

3.6-5.0 

Till 

Limited 

5.0-7.0 

Till 

Limited 

7.0-7.8 

Till 

Limited 

7.8-10.0 

Till 

Limited 

10.0-35.3 

Till 

Limited 

35.3-50.2 

S  Sist,  Sh 

Unsuitable 

56.1-66.3 

Sish 

Unsuitable 

76.0-94.0 

Ss 

Suitable 

94.0-112.0 

Ss 

Limited 

112.0-132.0 

Ss 

Unsuitable 

132.0-151.6 

Ss 

Unsuitable 

163.8-184.0 

Sh 

Unsuitable 

184.0-194.6 

SiSs 

Unsuitable 

194.6-210.0 

Sish 

Unsuitable 

210.0-216.5 

Ssh 

Unsuitable 

216.5-229.6 

Ss 

Unsuitable 

229.6-237.0 

Sh 

Unsuitable 

238.9-239.9 

Ssh 

Unsuitable 

Limiting  Factor(s) 

Texture 

Texture,  Salinity 

Texture,  Salinity 

Salinity 

Salinity,  Manganese 

Texture,  Manganese 

Texture,  Nickel 

Texture,  Nickel 

Texture 

%  Sodium,  Texture 
%  Sodium,  Nickel 
Texture,  %  Sodium 
%  Sodium 

Texture,  %  Sodium 
Texture,  %  Sodium 
%  Sodium 

Texture,  %  Sodium 
%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  32 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Sand  Creek  Study  Area 
Drill  Hole  82-110 


Depth  (ft) 

Type 

0.0-0.5 

Loam 

0.5-3.5 

Loam 

3.5-6.5 

Till 

6.5-10.0 

Till 

32.0-34.0 

Till 

45.0-47.0 

Till 

60.5-62.5 

S  Sist 

64.2-66.2 

SiSs 

74.9-76.9 

S  Sist 

79.9-81.9 

Sist 

93.0-95.0 

SiSs 

101.0-103.0 

Ssh 

126.0-128.0 

Sh 

160.5-162.5 

Sh 

177.0-179.0 

Ssh 

186.5-188.5 

Sh 

197.0-199.0 

Css 

217.0-219.0 

Ssh 

239.0-240.0/ 

Ssh 

242.0-243.0 

Suitability 

Suitable 

Suitable 

Suitable 

Limited 

Limited 

Limited 

Suitable 

Limited 

Limited 

Limited 

Suitable 

Suitable 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 


Salinity 

Salinity,  Manganese 

Salinity 

Salinity 
Salinity 
%  Sodium 


%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium, 
°/o  Sodium, 
%  Sodium, 


Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  33 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Sand  Creek  Study  Area 
Drill  Hole  81-1 11 


Depth  (ft) 


Type 


Suitability 


Limiting  Factor(s) 


0.0-1.0 

1.0-4.0 

4.0-10.0 

11.0-13.0 

27.5-29.5 

31.5-33.5 

48.4-50.4 

57.2-59.2 

69.6-71.6 

81.0-83.0 

90.0-92.0 

104.0-106.0 

131.0-133.0 

137.0-139.0 

161.0-163.0 

174.6-176.0 

201.9-203.9 

214.7-216.3 

219.5-221.5 


Silt  loam 

Clay  loam 

Till 

Till 

Sh 

Sh 

Sh 

Sh 

Ssh 

Ss 

Sh 

Sh 

Sh 

Sh 

Css 

Css 

Sh 

Cbsh 

Sh 


Suitable 

Limited 

Suitable 

Suitable 

Suitable 

Limited 

Limited 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Texture 


Nickel 

%  Sodium 

Texture,  %  Sodium 

Silt  %,  %  Sodium 

Nickel 

%  Sodium,  Nickel 

%  Sodium,  Nickel 

%  Sodium,  Nickel 

%  Sodium 

%  Sodium,  Texture 

%  Sodium,  Texture 

Texture,  %  Sodium 

Texture,  %  Sodium 

%  Sodium,  Manganese,  Nickel 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  34 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Williston  Study  Area 
Drill  Hole  81-113 


Depth  (ft) 

Type 

Suitability 

0.0-1.5 

Loam 

Suitable 

1.5-5.0 

Loam 

Suitable 

5.0-7.5 

Till 

Suitable 

7.5-10.0 

Till 

Limited 

124.0-126.0 

Sish,  Ss 

Limited 

139.5-141.5 

Sish,  Ss 

Limited 

154.0-156.0 

Sish 

Unsuitable 

174.0-176.0 

Sh 

Unsuitable 

190.0-192.0 

Ss 

Unsuitable 

223.0-225.0 

Sh 

Unsuitable 

225.0-228.0 

Sh 

Unsuitable 

228.0-230.0 

Sh 

Unsuitable 

247.7-249.7 

Css 

Unsuitable 

255.6-257.6 

Css 

Unsuitable 

283.0-285.0 

Sh 

Unsuitable 

Limiting  Factor(s) 


Texture 
Nickel 
Nickel 
%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium 
Texture, 
%  Sodium, 
%  Sodium, 
Texture, 


Nickel 
Nickel 
Nickel 
Nickel 

%  Sodium 
Nickel 
Texture 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  35 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Williston  Study  Area 
Drill  Hole  81-114 


Depth  (ft) 

Type 

0.0-0.6 

Loam 

0.6-3.8 

Loam 

3.8-7.0 

Till 

7.0-10.0 

Till 

16.0-18.0 

Till 

24.5-26.5 

C  Sist 

28.8-30.8 

C  Sist 

34.0-36.0 

Sisn 

41.0-43.0 

C  Sist 

44.7-45.2 

C  Sist 

61.0-63.0 

C  Sist 

85.0-87.0 

Sh 

94.0-96.0 

Css 

99.0-101.0 

Sh 

110.0-112.0 

Sh 

114.7-116.7 

Cbsh 

130.0-132.0 

Sh 

153.0-155.0 

Sh 

164.5-166.1 

Css 

169.3-171.3 

Sh 

182.1-184.1 

Ssh 

186.0-187.2 

Ssh 

193.0-195.0 

Ssh 

202.0-204.0 

Ssh 

207.0-209.0 

Le  St, 

213.0-215.0 

Ss 

243.3-245.3 

Sh 

253.0-255.0 

Sh 

258.0-260.0 

Css 

Sh 


Suitability 

Suitable 

Suitable 

Limited 

Limited 

Limited 

Unsuitable 

Limited 

Limited 

Limited 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 


Salinity 

Salinity 

Salinity,  %  Sodium 

Texture,  Salinity 

%  Sodium 

Texture,  Salinity 

Salinity,  Nickel 

Texture,  Salinity 

%  Sodium 

Nickel 

%  Sodium,  Nickel 

%  Sodium,  Manganese 

%  Sodium,  Salinity 

%  Sodium,  -Salinity 

%  Sodium,  Manganese 

%  Sodium,  Texture 

%  Sodium 

%  Sodium,  Nickel 

%  Sodium,  Nickel 

Hard  Rock  (cemented) 

Texture,  %  Sodium 

%  Sodium,  Texture 

Hard  Rock  (cemented) 

%  Sodium,  Nickel 

%  Sodium,  Texture 

%  Sodium,  Texture 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  36 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Williston  Study  Area 
Drill  Hole  81-117 


Depth  (ft) 

Type 

Suitability 

0.0-0.3 

Loara 

Suitable 

0.3-3.2 

Clay 

loam 

Limited 

3.2-9.0 

Till 

Limited 

9.0-47.5 

Sand/Outwash 

Unsuitable 

47.5-58.8 

Till 

Limited 

91.8-100.5 

SiSs, 

C  Sist 

Suitable 

100.5-110.0 

Gss 

Suitable 

110.0-116.5 

Sh 

Limited 

116.5-121.6 

SiSs 

Suitable 

121.6-129.0 

Sish, 

Sh 

Unsuitable 

130.0-144.0 

Css 

Suitable 

144.0-164.0 

Sh 

Limited 

164.0-205.0 

Ss 

Limited 

205.0-239.0 

Ss 

Unsuitable 

244.3-266.0 

Sh 

Limited 

266.0-279.4 

Css, 

Sh 

Unsuitable 

279.4-288.0 

Ssh 

Unsuitable 

288.0-315.1 

Sh 

Unsuitable 

332.0-349.0 

Ssh 

Unsuitable 

Limiting  Factor(s) 


Texture 
Texture 
Texture 
Texture 


Texture 

Texture,  Nickel 

Texture 

Texture 

Texture 

Texture,  %  Sodium 

%  Sodium,  Texture 

%  Sodium,  Nickel 

%  Sodium,  Texture 

%  Sodium,  Texture 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  37 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Williston  Study  Area 
Drill  Hole  81-121 


Depth  (ft) 

0.0-1.2 

1.2-2.5 

2.5-5.0 

5.0-7.5 

7.5-10.0 

10.0-12.5 

12.5-23.0 

23.0-34.4 

34.4-55.0 

55.0-62.0 

62.0-70.9 

71.5-86.5 

89.3-93.5 

93.5-113.0 

113.0-125.0 

140.0-162.0 


Type 

Sandy  loam 

Sandy  loam 

Sandy  loam 

Sandy  loam 

Sandy  loam 

Outwash 

C  Sist 

S  Sist 

Sish,  Sh 

Css 

S  Sist 

Sh 

Ss 

Sish 

Sh 

Cbsh,  Sh 


Suitability 

Limited 

Limited 

Limited 

Suitable 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 

Texture 

Texture 

Texture 

(Fine  sandy  loam) 

Texture 

Texture 

Texture,  %  Sodium 

%  Sodium 

Texture,  %  Sodium 

%  Sodium,  Texture 

%  Sodium 

Texture,  %  Sodium 

%  Sodium 

%  Sodium,  Texture 

Texture,  %  Sodium 

%  Sodium,  Texture 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  38 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Williston  Study  Area 
Drill  Hole  81-123 


Depth  (ft) 

Type 

Suitability 

0.0-0.5 

Loam 

Suitable 

0.5-3.2 

Clay  loao 

Limited 

3.2-12.0 

Till 

Limited 

14.3-26.8 

Sish 

Unsuitable 

26.8-41.0 

SiSs 

Limited 

41.0-56.7 

Sh 

Unsuitable 

56.7-70.0 

Css 

Unsuitable 

70.0-97.3 

Sh 

Unsuitable 

105.5-130.6 

Sh,¥  Ss 

Unsuitable 

135.4-168.0 

Sh  ' 

Unsuitable 

168.0-187.8 

Ssh,  Css 

Unsuitable 

196.2-215.6 

Ssh 

Unsuitable 

253.7-261.0 

Css 

Unsuitable 

Limiting  Factor(s) 


Texture 
Texture 

Texture,  Salinity 
Texture,  Salinity 
%  Sodium,  Texture 
%  Sodium 

Texture,  %  Sodium 
%  Sodium 

%  Sodium,  Texture 
%  Sodium,  Nickel 
%  Sodium,  Texture 
%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  39 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Tobacco  Gardens  Study  Area 
Drill  Hole  82-124 


Depth  (ft) 

Type 

Suitability 

2.5-4.2 

Clay  loam 

Limited 

4.2-7.0 

Till 

Limited 

7.0-10.0 

Till 

Limited 

10.0-27.8 

Till 

Limited 

31.8-35.0 

Sh 

Unsuitable 

44.0-64.0 

SiSs 

Unsuitable 

94.0-114.5 

S  Sist 

Unsuitable 

114.5-135.9 

Ss 

Unsuitable 

148.7-159.1 

Sh 

Unsuitable 

167.5-171.7 

Sh 

Unsuitable 

171.7-196.0 

Ss 

Unsuitable 

Limiting  Factor(s) 


Texture 

Texture 

Texture, 

Texture, 

Texture, 

Texture, 

%  Sodium, 

%  Sodium 

Texture, 

Texture, 

%  Sodium 


Salinity 
Salinity 
Salinity 
%  Sodium 
Texture 

%  Sodium 
%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  40 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media,  in  Revegetation 

Tobacco  Gardens  Study  Area 
Drill  Hole  82-125 


Depth  (ft) 

Type 

Suitability 

0.0-2.0 

Loam 

Suitable 

2.0-4.3 

Clay  loam 

Limited 

4.3-10.0 

Till 

Limited 

10.0-14.3 

Till 

Limited 

17.0-32.4 

SiSs 

Limited 

32.4-38.0 

Ssh 

Limited 

38.0-50.0 

SiSs 

Suitable 

50.0-68.0 

Sh 

Limited 

72.6-85.0 

S  Sist 

Limited 

85.0-102.0 

SiSs 

Unsuitable 

102.0-118.7 

SiSs 

Unsuitable 

118.7-128.0 

SiSh,  Sh 

Limited 

128.0-137.2 

SiSt 

Limited 

137.2-142.0 

Sh 

Limited 

146.5-148.5 

Sh 

Unsuitable 

148.5-163.0 

Ss 

Unsuitable 

163.0-178.0 

Sh 

Unsuitable 

178.0-193.0 

Sh 

Unsuitable 

193.0-216.3 

Sh 

Unsuitable 

216.3-230.6 

SiSs 

Unsuitable 

230.6-243.0 

Sh 

Unsuitable 

254.0-271.3 

S  Sist 

Unsuitable 

271.3-276.0 

Sh 

Unsuitable 

276.0-287.5 

Ss 

Unsuitable 

287.5-298.5 

Sh 

Unsuitable 

308.9-313.0 

Ss 

Unsuitable 

313.0-335.2 

Sh 

Unsuitable 

Limiting  Factor(s) 


Texture 

Texture,  Salinity 

Salinity,  Boron 

Salinity 

Texture 


Texture, 
Texture, 
%  Sodium, 
%  Sodium 
%  Sodium 
Texture 
Texture, 
%  Sodium 
%  Sodium 
%  Sodium 
%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium, 
%  Sodium 
%  Sodium, 
%  Sodium, 
%   Sodium 
Texture, 


Salinity 
Nickel 
Texture 


Nickel 


Manganese 

Nickel 

Nickel 

Texture 

Nickel 

Nickel 
Nickel 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  41 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Tobacco  Gardens  Study  Area 
Drill  Hole  82-126 


Depth  (ft) 

Type 

Suitability 

0.0-0.9 

Loam 

Suitable 

0.9-4.3 

Outwash 

Limited 

4.3-10.0 

Till 

Limited 

10.0-22.4 

SiSh 

Limited 

22.4-35.6 

Sh 

Limited 

35.6-43.8 

Ssh 

Limited 

51.4-65.8 

Sh 

Unsuitable 

65.8-85.0 

Css 

Unsuitable 

85.0-100.8 

Css 

Unsuitable 

100.8-114.9 

Ssh 

Unsuitable 

114.9-127.6 

Css 

Unsuitable 

131.3-147.0 

Sh 

Unsuitable 

147.0-164.0 

•  Sh 

Unsuitable 

164.0-182.9 

Sh 

Unsuitable 

191.8-203.8 

Ssh 

Unsuitable 

203.8-217.0 

Ss 

Unsuitable 

217.0-233.4 

Ss 

Unsuitable 

242.0-250.5 

Cbsh 

Unsuitable 

2  50.5-2  55.2 

Sh 

Unsuitable 

Limiting  Factor(s) 


Texture 
Salinity 
Salinity 

Texture,  Salinity 
Texture,  %  Sodium 
%  Sodium,  Texture 
%  Sodium,  Texture 
%  Sodium,  Texture 
%  Sodium,  Texture 
%  Sodium,  Nickel 
Texture,  %  Sodium 
Texture,  %  Sodium 
Texture,  %  Sodium 
%  Sodium,  Texture 
%  Sodium,  Nickel 
%  Sodium  * 
Texture,  %  Sodium 
%  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  42 


SuitabiLity  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Tobacco  Gardens  Study  Area 
Drill  Hole  82-127 


Depth  (ft) 

Type 

Suitability 

0.0-1.2 

Clay  loam 

Limited 

1.2-3.3 

Loam 

Limited 

3.3-10.0 

Ss 

Limited 

10.0-20.0 

Ss 

Limited 

20.0-28.5 

SiSs 

Limited 

28.5-42.5 

Ss 

Suitable 

42.5-52.3 

Sh 

Unsuitable 

63.4-71.0 

Sh 

Unsuitable 

77.0-83.5 

Ss 

Unsuitable 

83.5-98.0 

Ss 

Unsuitable 

107.1-121.0 

Sh 

Unsuitable 

121.0-125.0 

Ssh 

Unsuitable 

125.0-129.4 

Sh 

Unsuitable 

129.4-137.0 

Ssh 

Unsuitable 

137.0-147.0 

Sh 

Unsuitable 

Limiting  Factor(s) 

Texture,  Salinity 
Salinity,  %  Sodium 
Salinity,  %  Sodium 
Salinity 
%  Sodium 

%  Sodium 

Texture,  %  Sodium 
%  Sodium 
%  Sodium 

Texture,  %  Sodium 
%  Sodium,  Nickel 
Texture,  %  Sodium 
%  Sodium,  Texture 
Texture,  %  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Soils  and  Water  Laboratory  Procedures  and  References 
I.   Soil  Characterization 

A.  Physical  Properties  of  Soils 

1.  Disturbed  Hydraulic  Conductivity  is  determined  by  the  use  of 
plastic  tubes  (Richards,  et  al . ,  1954,  Diagnosis  and  Improvements 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
34b:112-113). 

2.  Settling  Volume,  Imoff  Cones,  (Series  510  Land  Classification 
Techniques  and  Standards  517.5.7). 

3.  Particle  Size  Analyses  are  determined  by  pipeting  and  analysis 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  41:122-123). 

4.  Particle  Density,  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis 
Part  1,  Agronomy  No.  9,  American  Society  of  Agronomy,  29:371-373), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  39:122). 

5.  Bulk  Density,  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis  Part  1, 
Agronomy  No.  9,  American  Society  of  Agronomy,  30-1:374-390), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  38:121-122). 

6.  Moisture  Retention  is  determined  by  ceramic  plates  (Richards,  et  al . , 
1954,  Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  29,  30  and  31:109-110). 

7 .  Field  Capacity  -  field  determination. 

8.  Water  holding  capacity  -  determined  by  calculation:   field  capacity- 
wilting  point  x  bulk  density  x  48  inches  =  water  holding  capacity 
per  48  inches  of  soil. 

B.  Soluble  Cations  and  Anions 

1.   Carbonates  and  bicarbonates  are  determined  witn  automated  Fisher 
titralyzer  II  by  acid  titration  and  chlorides  are  determined  with 
automated  Fisher  titralyzer  II,  Specific  Ion  (Richards,  et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  82:145-146  and  84:146),  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  62-3.4.1:945-947  and  62-3.5.1:947-948),  (M.  J.  Taras,  et  al . , 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater; 
Thirteenth  Edition,  for  carbonate  and  bicarbonate  only  102:52-56), 
(Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964),  and  (Brown, 
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Skougstad  and  Fishman,  Techniques  of  Water  Resources  Investigation 
of  USGS,  Chapter  AI ,  "Methods  for  Collection  and  Analysis  of  Water 
Samples  for  Dissolved  Minerals  and  Gases,"  Book  5  -  Laboratory  analysis 
for  chloride  only,  p.  69). 

2.  Phosphorus  soluble  in  sodium  bicarbonate  and  Automated  Ascorbic 
Acid  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  73-4.4:1044-1049), 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979, 
EPA-600  4-79-020,  365.1:365.1-1-365.1-9). 

3.  Nitrate-Nitrite  are  determined  by  phenoldsulf onic  acid  and  by 
Automated  cadmium  reduction  (Richards,  et  al . ,  1954,  Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
No.  60),  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  84.5.3:1216-1219)  and 
(M.  J.  Taras,  et  al.,  Standard  Methods  for  the  Examination  of  Water 
and  Wastewater,  1971,  Thirteenth  Edition,  133:233-237),  (Methods 
for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600  4-79-020, 
353.2:353.2-1-353.2-7). 

4.  Sulfate  is   determined  by  Automated  Methyl  Thymol  Blue  and  turbidimetric, 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600 
4-79-020,  375.2:375.2-1-375.2-4),  (M.  J.  Taras,  et  al . ,  Standard 
Methods  for  the  Examination  of  Water  and  Wastewater,  1971 

Thirteenth  Edition,  156C:   334-336). 

5.  Sodium,  Potassium,  Calcium  and  Magnesium  are  determined  by  Automated 
atomic  absorption  (Perkin-Elmer ,  Analytical  Method  for  Atomic 
Absorption  Spectrophotometry,  1973),  and  (Brown,  Skougstad  and  Fishman, 
Techniques  of  Water  Resources  Investigation  of  USGS,  Chapter  AI , 
"Methods  of  Collection  and  Analysis  of  Water  Samples  for  Dissolved 
Minerals  and  Gases,"  Book  5  -  Laboratory  Analysis,  66,  109,  133  and  143). 

C.   Trace  Metals 

1.   Trace  Metals  are  determined  by  atomic  absorption  with  flame  or  graphite 
furnace  (Perkin-Elmer,  Analytical  Method  for  Atomic  Absorption 
Spectrophotometry,  1973),  (Brown,  Skougstad  and  Fishman,  Techniques 
of  Water  Resources  Investigation  of  USGS,  Chapter  AI ,  "Methods  for 
Collection  and  Analysis  of  Water  Samples  for  Dissolved  Minerals  and 
Gases,"  Book  5  -  Laboratory  Analysis,  50-157),  (M.  J.  Taras,  et  al . , 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  1971 
Thirteenth  Edition),  and  (Methods  for  Chemical  Analysis  of  Water 
and  Wastes,  1979  EPA-600-4-79-020) . 


D.   Chemical  Soil  Characterization 

1.   pH  reading  of  1:5  Soil  Suspension  (Richards,  et  al.,  1954,  Diagnosis 
and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
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No.  60,  21b:102),  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis, 
Part  2  Agronomy  No.  9,  American  Society  of  Agronomy  60-3.4:922-923) 
and  (Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964). 


2.  pH  reading  in  CaCl2  Solution  (C.  A.  Black,  et  al . ,  Methods  of  Soil 
Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy 
60-3.5:923). 

3.  Saturation  Extract  taken  from  saturated  soil  paste  using  Bariod  filter 
press  and  measuring  soluble  salts  by  use  of  electrode  conductivity 
bridge  (Richards,  et  al.,  1'954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  2  and  3:84-88, 
27:107  and  4:39-90),  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  62-1:933-988) 
and  (Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964). 

4.  Exchangeable  Sodium  and  Potassium  are  extracted  by  ammonium  acetate 
solution.   Cation-Exchange  Capacity  determined  using  Sodium  Acetate 

as  index  ion  and  follow  with  Ammonium  Acetate  (Richards,   et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  18:100-101  and  19:101)  and  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9  American  Society  of 
AgYonomy  7  2-3:1033,  72-3.2.1:1034  and  57-1:891-895). 

5.  Exchangeable  Sodium  Percentage  is  determined  by  calculation  relationship 

being  NfL  x  100  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement 
CEC 

of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  20a: 101). 

6.  Gypsum  determined  by  increase  in  soluble  calcium  plus  magnesium  content 
upon  dilution  (Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of 
Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  22c: 104). 

7.  Gypsum  Requirement  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
22d:104-105). 

8.  Boron  was  determined  by  extraction  with  hot  water  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  75-4:1062-1063  and  62-3.6  949-951). 

9.  Percent  Organic  Carbon  is  determined  with  Technicon  Auto  Analyzer  II. 

10.  Total  Carbonate  expressed  as  %  calcium  carbonate,  acid-neutralization, 
(C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis  Part  2,  Agronomy  No.  9, 
American  Society  of  Agronomy,  91-4:1387-1388),  (Richards  et  al . ,  1954 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  23c : 105-106) . 

11.  SAR  (sodium  adsorption  ratio)  determined  by  calculation: 
3AR  =  Na/  V(Ca  +  Mg)/2;  Ca,  Mg,  and  Na  in  meq/1. 

fcU.S.  GOVERNMENT  PRINTING  OFFICE:1983-«e0-347 


<\ 


BLM  LIBRARY 
S0324A,  BLOG.  50      . 
DENVER  FEDERAL  CENTER 

F.  0.  BOX  25047 
DENVER,  CO  80225-0047 


DATE  DUE 

CATLORD 

Burttu  of  Land  Maragsmufl 

Library 

D«nv«r  Sarvica  Ontw 


